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WARRANTY 


This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year 
from date of shipment [,except that in the case of certain components listed in Section I of this manual, the warranty 
shall be for the specified period] . During the warranty period, Hewlett-Packard Company will, at its option, either 
repair or replace products which prove to be defective. 
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programming instructions when properly installed on that instrument. Hewlett-Packard does not warrant that the 
operation of the instrument, or software, or firmware will be uninterrupted or error free. 


LIMITATION OF WARRANTY 


The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by Buyer, 
Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the environmental 
specifications for the product, or improper site preparation or maintenance. 


NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY 
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR 
PURPOSE. 
EXCLUSIVE REMEDIES 
THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HEWLETT- 
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE- 
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY. 
ASSISTANCE 


Product maintenance agreements and other customer assistance agreements are available 
Sor Hewlett-Packard products. 


For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. 
Addresses are provided at the back of this manual. 
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PACKARD 
SAFETY SUMMARY 


The following general safety precautions must be observed during all phases of operation, service, and repair of this 
instrument. Failure to comply with these precautions or with specific warnings alsewhere in this manual violates 
safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company assumes no 
liability for the customer's failure to comply with these requirements. This is a Safety Class 1 instrument. 


GROUND THE INSTRUMENT 


To minimize shock hazard, the instrument chassis and cabinet must be connected to an elec- 
trical ground. The instrument is equipped with a three-conductor ac power cable. The power 
cable must either be plugged into an approved three-contact electrical outlet or used with a 
three-contact to two-contact adapter with the grounding wire (green) firmly connected to an 
electrical ground (safety ground) at the power outlet. The power jack and mating plug of the 
power cable meet International Electrotechnical Commission (IEC) safety standards. 


DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE 


Do not operate the instrument in the presence of flammable gases or fumes. Operation of any 
electrical instrument in such an environment constitutes a definite safety hazard. 


KEEP AWAY FROM LIVE CIRCUITS 


Operating personnel must not remove instrument covers. Component replacement and internal 
adjustments must be made by qualified maintenance personnel. Do not replace components 
with power cable connected. Under certain conditions, dangerous voltages may exist even with 
the power cable removed. To avoid injuries, always disconnect power and discharge circuits 
before touching them. 


DO NOT SERVICE OR ADJUST ALONE 


Do not attempt internal service or adjustment unless another person, capable of rendering first 
aid and resuscitation, is present. 


DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT 


Because of the danger of introducing additional hazards, do not install substitute parts or per- 
form any unauthorized modification to the instrument. Return the instrument to a Hewlett- 
Packard Sales and Service Office for service and repair to ensure that safety features are main- 
tained. 


DANGEROUS PROCEDURE WARNINGS 


Warnings, such as the example below, precede potentially dangerous procedures throughout 
this manual. Instructions contained in the warnings must be followed. 


Dangerous voltages, capable of causing death, are present in this instrument. Use ex- 
treme caution when handling, testing, and adjusting. 


SAFETY SYMBOLS 


General Definitions of Safety Symbols Used On Equipment or In Manuals. 


NOTE: 


Instruction manual symbol: the product will be marked with this 
symbol when it is necessary for the user to refer to the instruction 
manual in order to protect against damage to the instrument. 


Indicates dangerous voltage (terminals fed from the interior by 
voltage exceeding 1000 volts must be so marked). 


Protective conductor terminal. For protection against electrical 
shock in case of a fault. Used with field wiring terminals to in- 
dicate the terminal which must be connected to ground before 
operating equipment. 


Low-noise or noiseless, clean ground (earth) terminal. Used for a 
signal common, as well as providing protection against electrical 
shock in case of a fault. A terminal marked with this symbol must 
be connected to ground in the manner described in the installation 
(Operating) manual, and before operating the equipment. 


Frame or chassis terminal. A connection to the frame (chassis) of 
the equipment which normally includes all exposed metal struc- 
tures. 


Alternating current (power line). 
Direct current (power line). 


Alternating or direct current (power line). 


The WARNING sign denotes a hazard. It calls attention to a pro- 
cedure, practice, condition or the like, which, if not correctly per- 
formed or adhered to, could result in injury or death to personnel. 


The CAUTION sign denotes a hazard. It calls attention to an 
operating procedure, practice, condition or the like, which,if not 
correctly performed or adhered to, could result in damage to or 
destruction of part or all of the product. 


The NOTE sign denotes important information. It calls attention 
to procedure, practice, condition or the like, which is essential to 
highlight. 
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SECTION | 


GENERAL 


1-1. INTRODUCTION. 


1-2. This Operating and Service Manual contains informa- 
tion required to install, operate, test, adjust, and service the 
Hewlett-Packard Model 3495A Scanner. 


1-3. INSTRUMENTS COVERED BY MANUAL. 


1-4. Attached to the instrument is a serial number plate. 
The serial number is in the form: OOOOA00000. It is in two 
parts; the first four digits and the letter are the serial prefix 
and the last five digits are the suffix. The prefix is the same 
for all identical instruments; it changes only when a change 
is made to the instrument. The suffix,however, is assigned 
sequentially and is different for each instrument. The con- 
tents of this manual apply to instruments with the serial 
number prefix(es) listed under SERIAL NUMBERS on the 
title page. The letter separating prefix and suffix designates 
the country in which the instrument was manufactured. 
(A = U.S.A.; G = West Germany; J = Japan; U = United 
Kingdom.) 


1-5. Also listed on the title page of this manual is a micro- 
fiche part number. This number can be used to order 4 X 6- 
inch microfilm transparencies of the manual. Each micro- 
fiche contains up to 96 photo-duplicates of the manual 
pages. The microfiche package also includes the latest 
Manual Changes supplement as well as pertinent Service 
Notes. 


1-6. MANUAL CHANGES. 


1-7. As errata and instrument changes accumulate, manual 
changes may become necessary. Accumulated change infor- 
mation is generally incorporated into the manual by means 
of a yellow manual change supplement or set of revised 
pages. 


1-8. The manual change supplement is identified by the 
manual print date and part number which the supplement 
applies to. Both of these are located on the manual title 
page. We suggest that you periodically request this compli- 
mentary supplement to keep your manual up-to-date. 


1-9. Revised pages are identified with a revision letter next 


to the page number. Sets of revised pages are accompanied 
by an updated manual revision index and title page. 


1-10. SAFETY CONSIDERATIONS. 


1-11. All safety information in this manual is identified by 
a NOTE, CAUTION, or WARNING safety heading. These 
headings contain important information and should be 


INFORMATION 


interpreted as follows: 


NOTE: An operating procedure, condition, etc., 
which is essential or important. 


CAUTION: An operating procedure, practice, etc., 
which must be strictly complied with to avoid dam- 
age or destruction to equipment. 


WARNING: An operating procedure, practice, etc., 
which must be strictly complied with to avoid injury 
or death to personnel. 


1-12. DESCRIPTION. 


1-13. The Model 3495A Scanner is a versatile HP—IB 
system instrument that may be loaded with a combination 
of four Low Thermal and Actuator channel options. Four- 
teen 3495A’s with four options each may be operated by a 
controller such as the Model 9820A, Model 9830A, or 
Model 9825A Calculator on the Hewlett-Packard Interface 
Bus (HP—IB) to provide up to 1120 separately program- 
mable channels. The Model 3495A Scanner may listen on 
the HP—IB but not talk. 


NOTE 


One 3495A must be removed for each addi- 
tional instrument on the bus. 


1-14. The Low Thermal decade isa ten-to-one analog 
multiplexers allowing the signals to be monitored by one 
measurement instrument in a break-before-make sequence. 
An uncertainty differential thermal EMF of less than 2 uV 
may be expected on a channel. Hardware assurance of 
break-before-make switching of 200 multiplexed low ther- 
mal channels is possible by interconnecting five 3495A’s 
at the rear panels and positioning internal jumper wires. 
Software can assure a like situation for all 560 channels. 


1-15. The Actuator decade option relays have two sets of 
normally-open contacts with four terminals per channel. 
Any number of channels may be closed simultaneously as 
needed for power or signal distribution, control functions, 
etc. 


1-16. The Thermocouple decade option is similar to the 
Low Thermal decade option except that a thermocouple 
reference connector is substituted for the terminal con- 
nector. Nine multiplexed temperature measurements can be 
made per option. Channel 0 on each connector is reserved 
for a reference temperature monitoring thermistor. 
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1-17. The low thermal duo-decade options are 20-to-1 
multiplexers, allowing 20 signals (42 V max) to be moni- 
tored by one measurement instrument. A scanner loaded 
with four duo-decade options has 80 programmable 
channels. 


1-18. The thermocouple duo-decade option is similar to 
the low-thermal duo-decade option except that channel O 
on each connector is reserved for a reference temperature 
monitoring resistor. 


1-19. Both duo-decade options are capable of a switching 
speed up to 1000 channels per second when used as the sole 
options in the 3495A Scanner or when slower options have 
no clear addresses. 
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1-20. The high speed controller option replaces the 
standard interface and control assembly with a high speed 
unit. The A8 version can control channel switching at the 
maximum logic assembly rates through provisions for 
software controlled and external increment/decrement. 


1-21. SPECIFICATIONS. 


1-22. Specifications are performance characteristics which 
are warranted. Table 1-1 lists the specifications for the -hp- 
Model 349SA Scanner. These specifications supersede all 
others. Any changes in specifications due to manufacturing 
or design changes are included in Table 1-1. These specifica- 
tions apply to a fully covered scanner with properly 
installed options and accessories with the rear 3495A door 
closed. 


Table 1-1. Specifications. 


Option 001, Accessory 44401A 10 Channel Low Thermal Relay 
Assembly (Decade) 


Type: Three pole, low thermal dry reed relays per channel. Third 
pole switches guard and is not low thermal. Break-before- 
make operation with partially sequenced closure: (Guard 
closes before low and high relays close. Guard opens after 
low and high relays open). 


Maximum Contact Ratings: 
Voltage: 200 V peak 
Current: 200 mA (non-inductive) 
Power: 2 VA 


Maximum Input Voltages: 
Between any two terminals: 230 V peak 
Guard to chassis: 200 V peak 
Guard to low: 200 V peak 


Thermal Offset: < 2 uV differential EMF 
isolation: > 10!° 2 between high, low, guard 
Switching Time: 10 msec maximum 


Option 002, Accessory 44402A 10 Channel Relay Actuator 
Assembly (Decade) 


Type: Two pole armature relay with two normally open contacts 
per relay. Single unswitched guard for 10 channels. Any com- 
bination of 10 channels may be closed or opened simultane- 
ously. 


Maximum Contact Ratings: 
Voltage: 100 V rms 
Current: 2 Arms 
Power: 200 VA 


Maximum Input Voltage: 
Between any two terminals: 230 V peak 
Guard to chassis: 200 V peak 
Guard to low: 200 V peak 


Thermal Offset: < 30 wV differential EMF 


Switching Time: 40 msec maximum 


for circuits fused at 2 amps or less and less than 200 VA capac- 
ity. 


Option 003 , Accessory 44403A 9 Channel Reference Junction 
Relay Assembly (Decade) 


Type: Three pole, low thermal dry reed relays. Third pole 
switches guard and is not low thermal. Break -before-make 
operation with partially sequenced closure. (Guard closes 
before low and high relays close. Guard opens after low and 
high relays open.) Up to 9 channels of thermcouple connec- 
tions. Remaining channel measures reference temperature, 


Maximum Contact Ratings: 
Voltage: 42 V peak 
Current: 200 mA (non-inductive) 
Power: 2 VA 


Maximum Input Voltage: 
Between any two terminals: 42 V peak 
Guard to chassis: 200 V peak 


Thermal Offset (ambient temperature + 1°C): <2 uV differen- 
tial EMF 


Isolation: > 10” & between high, low, guard 
Switching Time: 10 msec maximum 


Option 004, Accessory 44404A 20 Channel Low Thermal 
Relay Assembly 


Type: Three pole, low thermal dry reed relays per channel. One 
pole is guard. Break before make. 


Maximum Contact Ratings: 
Voltage: 42 V peak 
Current: 40 mA (non-inductive) 
Power: 1 VA 


Maximum Input Voltages: 
Between any two terminals: 42 V peak 
Guard to chassis: 42 V peak 


Thermal Offset (ambient temperature + 1°¢): <1 uV differen- 
tial EMF 


Isolation: > 10’ @ between high, low, guard 


Switching Time: 1 msec maximum 


Model 3495A Section | 


@ Table 1-1. Specifications (Cont'd). 


Option 005, Accessory 44405A Reference Junction Relay 
Assembly — 19 Channels 


Type: Three pole, low thermal dry reed relays per channel. One 
pole is guard. Break-before-make. Up to 19 channels of ther- 
mocouple connections. Remaining channel measures refer- 
ence temperature. 


Maximum Contact Ratings: 
Voltage: 42 V peak 
Current: 40 mA (non-inductive) 
Power: 1 VA 


Maximum Input Voltages; 
Between any two terminals: 42 V peak 
Guard to chassis: 42 V peak 


Thermal Offset (ambient temperature + 1°C): <1 wV differen- 
tial EMF 


Isolation: > 107 between high, low, guard 


Switching Time: 1 msec maximum 


Option 100, Accessory 44413A High Speed Scanner Controller 


Adds high speed capability to the 3495A. Used with Option 004 
or 005 to provide a sequenced scan of up to 1000 channels/ 
second for one 3495A. Synchronization is achieved with a 
trigger cable connection between the high speed scanner and 
a measuring instrument such as the Hewlett-Packard 3437A 
System Voltmeter. 


@ AC Performance 


Opt. 001 10 Channel Opt. 002 10 Channel Opt. 004 20 Channel 
Low Thermal Actuator Low Thermal 


High-to-Low Channel Capacitance 
Open: < 15 pF < 15 pF < 350 pF 
Closed: < 15 pF < 25 pF < 400 pF 


Interchannel Capacitance <12 pF <12 pF 


Frequency Response (10 kHz Up to 100 kHz: +0.3dB Up to 100 kHz: +0.3dB Up to 1 MHz: + 0.20 dB 
reference, 50 2 load) Up to 1 MHz: +0.5dB Up to 1 MHz: +0.5dB 


Cross Talk 
Open Channel Termination 100 kHz 1MHz 100 kHz 100 kHz 1MHz 
502 <-70dB <-50dB < -70 dB <-70dB <-50dB 
1MQ <-33dB <-30dB < -30 dB <-50dB <-50dB 


Temperature Performance — Option 003, 005, Accessories 
44403A, 44405A Reference Junction Relay Assemblies 


Thermistor Accuracy: + 0.2°C 


Temperature Gradient Along Terminals From Thermistor: 
Steady State! :0.1 C Maximum 
Dynamic”: 0.3 C Maximum 


Thermocouple Measurement Accuracy: The following graphs 
represent performance for various types of thermocouples 
under steady state and dynamic conditions. The accuracy 
includes such errors as thermistor accuracy, temperature 

4 gradients, thermal offset, thermistor curve fit accuracy and 
thermistor lead resistance. 


F - ° re 
t Applies to ambient temperature + 1 C deviations, 
Applies to ambient temperature step of 5 Cor 5 C/hour maximum rate of change 
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Table 1-1. Specifications (Cont'd). 


TYPE J THERMOCOUPLE TYPE K THERMOCOUPLE 


ACCURACY (°C) 


ACCURACY (°C) 


1000 1100 1200 1300 1400 1500 


. TEMPERATURE MEASUREMENT (°C) 
TEMPERATURE MEASUREMENT (°C) 1 MEASUI 


TYPE R THERMOCOUPLE TYPE § THERMOCOUPLE 


ACCURACY (°C) 
ACCURACY ('C} 


a DYNAMIC nag OYNAMIE 
SS ae 


Be Se ee 
= ae 
aes 
500 0 Oe 


TEMPERATURE MEASUREMENT (°C) 


TEMPERATURE MEASUREMENT (°C) 


TYPE T THERMOCOUPLE TYPE E THERMOCOUPLE 


accuracy (°c) 


accuracy (°c) 


DYNAMIC ae 


ee 
aco 


0 100° 200 300 400 800 600 


TEMPERATURE MEASUREMENT (°C) TEMPERATURE MEASUREMENT (°C) 


Accuracy curves reflect the following representative sources ot 
error: 


Reference Temperature Errors Measurement Errors 


Thermistor Accuracy 2 wV Scanner Offset 
-2 2 lead resistance Voltage (3495A) 


-.01°C curve fit 


Temperature Gradients Along 
Terminals from thermistor 
- static environment 
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1-23. The environmental conditions listed in Table 1-2 
must be present for the -hp- Model 3495A to meet stated 
specifications. Some definitions are helpful. 


a. Steady-State Environment: An environment where 
the ambient temperature varies no more than 1 degree 
centigrade at once (+1°C). 


b. Dynamic Environment: An environment where the 
ambient temperature varies no more than 5 degrees centi- 
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grade at once (+5°C) or where the rate of change of 
ambient temperature is no more than 5 degrees centigrade 
per hour (+5°C/hour). 


1-24. SUPPLEMENTAL CHARACTERISTICS. 


1-25. Supplemental characteristics are intended to provide 
information useful in applying the 3495A and interpreting 
specifications. These include typical performance para- 
meters. Table 1-2 lists supplemental characteristics for the 
-hp- Model 3495A Scanner. 


Table 1-2. Supplemental Characteristics. 


Environmental Requirements 


Storage Temperature: 40°C to +75°C e 
Operating Temperature: 0 to 55 C,< 95% RH at 40 C 


Power: 
100/120/220/240 volts +5%, —10% 
48 to 66 Hz line 
< 100 VA 


Dimensions: 
190.5 mm (7.5 in) high 
428.6 mm (16.88 in) wide 
520.7 mm (20.5 in) deep 


MESSAGE TRANSFER RATES 
Message 


Commands 
Selected Device Clear (SDC) 
Group Execute Trigger (GET) 
Device Clear (DCL) 
My Listen Address (MLA) 
Unlisten Address (UNL) 


Instructions 
Digits: 


i¢} 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Space (SP) 
Clear 
Execute (CR) 
External Increment 
Off 
On 
First Channel 
Last Channel 
Software Increment 
No Operator (NUL, DEL) 


Arno = ie 


Delimiter All Others 


— Act as delimiters 
* 


Weight: Depends on options 


Temperature Gradient 
along terminals from 
thermistor 


Option 003 Option 005 


Static!: 


Dynamic”: 


Reference Thermistor 


Accuracy <0.2°c 


° ore 
1 Applies to ambient temperature + 1 C deviations 
Applies to ambient temperature step of 5 C or 


5°C/hour maximum rate of change 


Typical Handshake Times (usec/Byte) 


WWWWWWWWWW 


Equivalent to slowest installed option switching time 


** Equivalent to switching time of the option the increment occurs 


on plus 80 usec. 
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1-26. OPTIONS. 


1-27. The standard 3495A does not include any channels. 
It must be loaded with one through four low thermal, actu- 
ator, or thermocouple options. These are supplied one per 
option purchased. 44401A, 44402A, 44403, 44404A, and 
4440SA are field installable versions of options 001, 002, 
003, 004, and 005 respectively. The following is a list of 
options available for the -hp- Model 3495A Scanner. 


Option 001—One Low Thermal Decade (Includes A5, A10, 
Al3, Al4 assemblies). 


Option 002—One Actuator Decade (Includes A6, A20, 
A22, A23 assemblies). 


Option 003—One Low Thermal Decade with Thermocouple 
Reference Connector (Includes AS, A10, A13, A24 
assemblies). 


Option 004—One Low Thermal Duo-Decade (Includes A5, 
A40, A25, A45 assemblies). 


Option 005—One Low Thermal Duo-Decade with Thermo- 
couple Reference Connector (Includes A5, A40, 
A25, A46 assemblies). 


Option 100—High Speed Controller Option (Substitutes 
A8 for A4). 


Option 907—Front Handle Kit, part number 5061-0090. 


Option 908—Rack Mount Cabinet Assembly, part number 
5061-0078. 


Option 909—Cabinet Assembly (Option 907 and Option 
908 combined) part number 5061-0084. 


Option 910—An additional Operating and Service Manual, 
part number 03495-90012. 
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1-28. ACCESSORIES AVAILABLE. 


1-29. The following accessories are available for the -hp- 
Model 3495A Scanner: 


Shown in 
-hp- Model No. Figure Description 
44401A Field Installable Low Ther- 
mal Decade (001) 
44402A Field Installable Actuator 
Decade (002) 
44403A Field Installable Thermo- 
couple Decade (003) 
44404A Field Installable Low Ther- 
mal Duo-Decade (004) 
44405A Field Installable Thermo- 
couple Decade (005) 
44413A Field Installable High- 
Speed Controller (100) 
44095A Service Kit 
03495-84411 An additional Access Kit 
10503A BNC-to-BNC cable (48”’) 


for Break-Before-Make 
synchronization of two 
scanners 


1-30. The Service Kit is a field service kit designed to 
facilitate on-site isolation and repair of failures in the -hp- 
Model 3495A Scanner. A description of this kit is in the 
Service section of the manual. 


1-31. The Access Kit provides an extension to connector 
J1B of the Al mother board for monitoring and testing. 
One extender board is provided with the basic scanner. 


1-32. The cable accessory may be used to connect two 
scanners via the rear panel SYNC jacks. Break-before-make 


Figure 1-1. Field Installable Low Thermal Decade. 
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Figure 1-2. Field Installable Actuator Decade. 
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Figure 1-3. Field Installable Thermocouple Decade. 
(Reference Junction Assembly) 


synchronization is possible for up to five scanners con- 
nected in this manner. 


1-33. Individual terminal assemblies are available as 
follows: 


03495-64101 
03495-64102 
03495-64103 
03495-64114 
03495-64115 


Low Thermal Decade 
Actuator Decade 
Thermocouple Decade 
Low Thermal Duo-Decade 
Thermocouple Duo-Decade 


1-34. MANUAL STRUCTURE. 


1-35. This manual is structured to simplify operating and 
servicing of the -hp- Model 3495A Scanner. Information 
necessary to operate the scanner is located towards the 
front of the manual. Information necessary to troubleshoot 
and repair the scanner is located in the service group sec- 
tions towards the rear of the manual. 


1-36. Scanner operating information includes general infor- 
mation and descriptions, installation, hardware and soft- 
ware programming, testing, adjustments, and a generalized 
parts list. This information is included for all scanner 
option/accessory combinations. 


1-37. Service information is assembled in service “groups” 
which cover the available sets of assemblies that normally 
require service in the scanner. Each service group section 
contains theory, troubleshooting information, parts lists, 
schematics, component locators, and functional block dia- 
grams. Table 1-3 lists the service group description and 
options covered for each service group. 


1-38. Each service group is a self sufficient service section 
on a particular set of scanner assemblies, options, or acces- 
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sories. Refer to the appropriate service group if servicing in 
these areas is required. 


Service 
Group 
A 


B 


Table 1-3. Service Group Descriptions. 


Option/Accessory 


Standard 
001/44401A 
003/44403A 


Basic Scanner 

Low Thermal Decade Option Or 

Reference Connector Duo-Decade 
Option 

Actuator Decade Option 

Low Thermal Duo-Decade Option 

Or Reference Connector Duo-Decade 
Option 

Fast Controller Option 

(Includes SA Testing) 


Service groups contain information for use only 
by trained service personnel. Attempts to 
service the scanner by other than trained service 
personnel may result in personal injury and/or 
damage to the scanner. 


002/44402A 
004/44404A 
005/44405A 


100/44413A 


1-39, Operating and programming information is contained 
in the first five (5) sections of the manual. Refer to these 
sections for information regarding setting up and using the 
Model 3495A Scanner. These sections also contain descrip- 
tions of scanner specifications, capabilities, performance 
tests, and applications. 


1-40. Information on specific controller programming of 
the -hp- Model 3495A Scanner is included as appendices to 
this manual. A generalized programming model is devel- 
oped in Section HI to aid in translating your controller’s 
language into scanner control programs. 


Figure 1-4. Field Installable Low Thermal Duo-Decade. 
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Figure 1-5. Field Installable Thermocouple Duo-Decade. Figure 1-6. Field Installable High-Speed Controller (100). 
(Reference Junction Assembly) 


Operating Note—Service Kit 44095-90001 


S§100-0598 


* Accessory Box = ot Metal 
1540-0015 From Controller Board 


ey 


Actuator Logic 


03495-66520 


Option 002 Display 
03495-66506 


Controller Board 
03495-66504 


Test Fix 
-67901 


Fixture Cable Assy 
03495-61605 * Accessory Box Contains: 


A13R10 03495-82600 


. A13R11 03495-82601 
| A11KG9A 0490-1111 
A11K99B 0490-1109 


| «Cperating Note—Test Kit 44195-90000 | «Cperating Note—Test Kit 44195-90000 Kit 44195- A21K@-9 0490-0563 


AGDS0-9 1990-0419 
agen Terminal 0360-0617 


Figure 1-7. Service Kit. 
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141. COMPLETING THE LOOP. 
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and service aids can be obtained through your local -hp- 


Sales and Service Office. Appendix C lists -hp- offices by 
1-42. More information on available parts, documentation location. 


Table 1-4. Support Documentation. 


-hp- Support 
Document Document Type & Brief Description 


44401-90000 Operating Note for -hp- 3495A 

Options 001,002 & Accessories 44401A, 

44402A 

44403-90002 Operating Note for -hp- 3495A 

Option 003 & Accessory 44403A 
44404-90000 Operating Note for -hp- 3495A 

Option 004 & Accessory 44404A 
44405-90000 Operating Note for -hp- 3495A 

Option 005 & Accessory 44405A 
44413-90000 Operating Note for -hp- 3495A 

Option 100 & Accessory 44413A 
44095-90002 Operating Note for -hp- 3495A 

Service Kit 44095A/B 


44195-90000 Operating Note for -hp- 3495A 
Test Kit 44195A 


P-03495-64103-1B Part Note for -hp- 3495A 


Reference Junction Connector 
03495-64103 supplied with Option 003 
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SECTION II 
INSTALLATION 


2-1. INITIAL INSPECTION. 


2-2. This instrument was carefully inspected both mechan- 
ically and electrically before shipment. It should be free of 
mars or scratches and in perfect electrical order upon 
receipt. To confirm this, the instrument should be inspec- 
ted for physical damage incurred in transit. If the instru- 
ment was damaged in transit, file a claim with the carrier. 
Check for accessories supplied (Section I). If there is 
damage or deficiency, see the warranty in the front of this 
manual. 


2-3. POWER REQUIREMENTS. 


2-4. The Model 3495A can be operated from any power 
source supplying 100 V, 120 V, 220 V or 240 V (—10% 
+ 5%), 48 Hz to 66 Hz. Power dissipation is 100 VA, 
maximum. Refer to Section III for Instrument Turn-On 


procedure. 


The two line voltage selector switches on the 
rear panel must be positioned for the proper 
line voltage before instrument turn on. See 
Figure 2-3 for location of these switches. 


2-5. POWER CORDS AND RECEPTACLES. 


2-6. Figure 2-1 illustrates the standard configurations used 
for -hp- power cords. The -hp- part number directly below 
each drawing is the part number for an instrument power 
cord equipped with a connector of that configuration. If 
the appropriate power cord is not included with the 
instrument, notify the nearest -hp- Sales and Service Office 
and a replacement cord will be provided. 


125 V—6 A* 250 V—6 A* 


8120-1348 


8120-1351 8120-1369 8120-1689 
* ULLISTED FOR USE IN THE 
UNITED STATES OF AMERICA 


8120-0698 


Figure 2-1. Power Cord Receptacles. 


2-7. GROUNDING REQUIREMENTS. 


2-8. To protect operating personnel, the National Electrical 
Manufacturer’s Association (NEMA) recommends that the 


instrument panel and cabinet be grounded. The Model 
3495A is equipped with a three conductor power cable 
which, when plugged into an appropriate receptacle, 
grounds the instrument. The offset pin on the power plug is 
the ground connection. 


2-9. To preserve the protection feature when operating the 
instrument from a two-contact outlet, use a three-contact 
to two-contact adapter and connect the wire on the adapter 
to power-line ground. 


2-10. Additional safety ground points are provided at the 
four tapped 6-32 holes at the rear corners of the instru- 
ment. 


2-11. ENVIRONMENTAL REQUIREMENTS. 


2-12. For the 3495A to meet the specifications listed in 
Table 1-1, the operating temperature must be within the 
range of +0°C to +55°C (+32°F to 131°F). Additional 
environmental conditions for Option 003 are explained in 
Section III Applications, Temperature Measurements. The 
storage temperature range with any option is from —40°C 
to +70°C (—10°F to +158°F). The rear door should be kept 
closed to reduce heat transfer. 


2-13. INSTALLATION. 
2-14. Bench Use. 


2-15. The Model 3495A is shipped with plastic feet which 
are shaped to permit the instrument to be placed on top of 
other full-module Hewlett-Packard instruments. 


2-16. Rack Mounting. 


2-17. The Model 3495A may be rack mounted using the 
rack mount kit. Option 908, part number 5061-0078. 
The rack mount is an EIA standard width of 19 inches; 
height is 7 inches. When rack mounted, additional support 
must be provided at the rear of the instrument. 


2-18. INSTALLATION OF OPTIONS. 


2-19. Table 2-1 lists the factory installed locations and 
address values for the 3495A channel options. 


2-20. Options 001, 002, 003, 004, 005, and 100 are avail- 
able as field installable accessories. Before installation of 
these accessories, review Section III, Hardware Program- 
ming and Applications for some considerations and 
examples of wiring the connectors to best suit your needs. 
2-1 
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2-21. After determining channel connections, addressing 2-22. Wiring the A14 Terminal Assembly (Option 001). 
schemes, and guard connections for each decade accessory, 
the terminal assemblies may be wired. 2-23. Four terminal strips on the Al4 Terminal Assembly 


Opt. 001 Opt. 002 Opt. 003 Opt. 004 


34954 -C-3922 


Figure 2-2. Location of Option Assemblies. 
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Table 2-1. Factory Installation of Options. 


Close Address | Clear (Open) Address 


# Close Address 
None 
# Close Address 


004 Right 0, 2,4,6 # Close Address 

005 Left Left to Right | Close Address 
(two per side) provide connection points for ten channels 
of High, Low, and Guard lines. Two sets of common 
terminals (one per side) are also available on the assembly. 


The terminal assignments are shown in Section VII, Service 
Group B. 


0 through 3 
003 Left to Right 


2-24. To connect wires to the terminals, follow this 
procedure: 


a. Loosen the terminal set screw. 


b. Strip approximately 3/16 inch insulation from the 
wire to be connected. 


Bare wire lengths should be kept to a minimum 
to avoid shorted lines. 


c. Insert the bare wire end into the proper terminal. 


d. Tighten the terminal set screw to secure the 
connection. 


e. Verify that the connection is secured. 


f. Repeat A—E for all the wires to be connected to the 
terminals. 


2-25. Guard lines are connected to guard terminals in a 
similar manner. If guard connections are not made at the 
point of measurement, a Guard Common to Low Common 
connection is needed. Guarding principles are discussed in 
Section III, Guarding. 


2-26. Wiring the A23 Terminal Assembly (Option 002). 


2-27. Four terminal strips on the A23 Terminal Assembly 
(all four on the front side) provide connection points for 
ten channels of A and B lines. Two guard terminals are also 
available on the assembly. The terminal assignments are 
shown in Section VII, Service Group C. 


2-28. To connect wires to the terminals, follow the 
procedure given for the Low Thermal Terminal Assembly. 


2-29. Two threaded standoffs on the (A23) Terminal 
Assembly are provided for making guard connection. 
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Stripped guard wires may be connected to these standoffs 
with standard 8/32 screws. 


2-30. Wiring the A24 Thermocouple Reference Connector 
(Option 003). 


2-31. Three terminal strips arranged on the front side of 
the connector PC board provide connection points for ten 
channels of High, Low, and Guard lines. Channel @ is tied 
to a temperature sensing thermistor, leaving nine (9) 
channels for thermocouple wires. Two additional terminal 
strips on the front side of the connector PC board provide 
two sets of common terminals. The terminal assignments 
are shown in Section VII, Service Group B. 


2-32. To connect thermocouple wires to the terminals on 
the thermocouple reference connector, follow this 
procedure: 


a. Remove the metal plate on the front of the con- 
nector, by removing the four retaining screws. 


b. Loosen the terminal set screw. 


c. Guide the thermocouple wire to be connected into 
the connector thru one of the baffles. 


d. Insert the thermocouple wire into the proper 
terminal. 


e. Tighten the terminal set screw to secure the 
connection. 


f. Verify that the connection is secured. 


g. Repeat A — F for all the thermocouple wires to be 
connected. 


h. If guard connections to the points of measurement 
are not made, connect Guard Common to Low Common on 
either side of the connector with 18 AWG or greater wire. 


i. Replace the front metal plate with the retaining 
Screws. 


2-33. Wiring the A45 and A46 Terminal Connectors 
(Options 004 and 005). 


2-34. The twenty-channel terminal connectors are wired in 
a method similar to the ten-channel connectors. Installation 
procedures for these options or accessories should be fol- 
lowed to insure proper channel activity. The terminal 
assignments for the twenty-channel connectors are shown 
in Service Group E. 


2-35. Install any combinations of options in the four avail- 
able positions according to the following procedure: 


a. Disconnect the power cord. 


b. Remove the top cover by turning the screw at the 
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Depress the LINE switch to 
turn on the 3495A only after 
checking the positions of the 
rear panel line-voltage 
switches. Press the LINE 
switch to release it and turn Indicates actuator channels 70 
off the 3495A. “ON” INDICATOR (GREEN) and 72 are closed. 


Indicates low thermal channel 
60 if closed 


Connect the Hewlett-Packard 
Interface Bus here. 


scanned to the channel termi- Position these two switches to 
nals behind this door. See Fig- select one of four line voltages 
ures 7-4 and 7-6 for the chan- Turn these screws counter- before connecting the power 
nel. assignments. clockwise to open rear door. cord. | 


Connect the signal lines to be 


WARNING 
HAZAHDOUS VOX TASES! 
CONSULT MANUALS BEFURE 
USING DR SERVICING 


Additional Additional Connect the power cord here. 
Chassis Chassis 


Ground Ground 100 V/120 V: 2110-0312 
Taps Taps 220 V/240 V: 2110-0202 


Figure 2-3. Front and Rear Views. 


a 
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rear of the cover and pulling backwards on the cover. 


c. Remove the front panel by loosening the four screws 
securing the panel at the horizontal tabs behind the panel. 
Move the panel forward and off the instrument by pushing 
on the tabs. Do not drop the panel! 


d. Install the AS Low Thermal and A6 Actuator Display 
assemblies in any order desirable on the four printed circuit 
extensions at the front of the instrument. Secure them with 
one screw each into the standoffs. 


e. Slide the Al0 Low Thermal, A20 Actuator, and A40 
Duo-Decade Logic assemblies into the guides and jacks 
behind the A5, A6, and AS5 assemblies respectively. 


Al0O and A40 must be behind AS, and A20 
must be behind A6. 


f. Open the door on the rear of the instrument by turn- 
ing the two screws on the door. See Figure 2-3 for location 
of these screws. 


g. Slide the Al3 Low Thermal Channel and A22 
Actuator Channel assemblies into the rear of the instrument 
so that they plug into the Al10 and A20 assemblies respec- 


tively. 
FCAUTIONS 


Al13 must plug into A10, and A22 into A20. Be 
sure that the P13 male connector has pin guards 


SIGNAL GROUND 
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(-hp- Part Number 03495-22100) installed to 
prevent damage to channel and_ terminal 
assembly connectors! 


h. Push the wired Al4 and A24 Terminal Assemblies 
onto the Al3 Relay Assemblies. Push the wired A23 
Terminal Assemblies onto the A22 Relay Assemblies. Be 
sure that all assemblies are firmly in place. 


Clean handling techniques are required when 
handling the 44401A printed circuit assembly. 


NOTE 
Installation of the Relay Assemblies locks the 


Logic Assemblies into place until removal of 
the respective Relay Assemblies. 


i. Replace the front panel, top cover and door. 


2-36. INTERFACE CONNECTION. 


2-37. Connect each 3495A to the Hewlett-Packard Inter- 
face Bus at the rear panel jack. 


2-38. Figure 2-4 shows the pin configuration of the HP—IB 
connector on the 3495A Scanner. 


2-39. The maximum total length of HP—IB cable in any 
system must not exceed 20 meters or 2 meters per device, 
whichever is less. 


| CONNECT TO 
{]sHieELO—_ EARTH 


P/O TWISTED PAIR WITH 11| | ATN GROUND. 
P/O TWISTED PAIR WITH 10 5} ||| SRO 
P/O TWISTED PAIR WITH 9 IFC 
P/O TWISTED PAIR WITH 8B a NDAC 
P/O TWISTED PAIR WITH 7 7 NRFOD 
P/O TWISTED PAIR WITH 6 | Dav 
REN | | EO! x 
Dio8 | | 0104 
D107 | | o103 
0196 \| | 0102 
DIOS ho H D101 


a 
w 
ie} 
z 
2 
fe} 
c 
oO 
w 
a 
a 

a 

2 
fo] 
53 

i) 


NEAR TERMINATION 


OF OTHER WIRE 
OF TWISTED PAIR 


The HP-IB logic levels are 
TTL compatible, i.e., True 
State 0 V dc to 0.4 Vdc, 
False State + 2.5 V dc to 


= +5 Vdc. 
*NOT USED BY 3495A 


Figure 2-4. HP—IB Connector. 


TYPE 57 MICRORIBBON CONNECTOR 
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2-40. REPACKAGING FOR SHIPMENT. 


NOTE 

If the instrument is to be shipped to Hewlett- 
Packard for service or repair, attach a tag to the 
instrument identifying the owner and indicating 
the service or repair to be accomplished. 
Include the model number and full serial 
number of the instrument. In any correspon- 
dence, identify the instrument by model num- 
ber and full serial number. If you have any 
questions, contact your nearest -hp- Sales and 
Service Office. 


2-41. The following is a general guide for repackaging the 
instrument for shipment. If the original container is availa- 
ble, place the instrument in the container with appropriate 
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packing material and seal well with strong tape or metal 
bands. If the orignal container is not available, proceed as 
follows: 


a. Wrap instrument in heavy paper or plastic before 
placing in an inner container. 


b. Place packing material around all sides of instrument 
and protect panel face with cardboard strips or plastic 
foam. 


c. Place instrument and inner container in a heavy 
carton and seal with strong tape or metal bands. 


d. Mark shipping container “DELICATE INSTRU— 
MENT”, “FRAGILE”, etc. 


Only personnel with knowledge of electronic 
circuitry should install, re-configure, or make 
repairs to this instrument. 
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SECTION Ill 


OPERATING 


3-1. INTRODUCTION. 


3-2. This section describes the operation and control of 
the -hp- Model 3495A Scanner. Keep in mind that the 
3495A can only open and close relays. The efficiency of 
the scanner is determined by how it’s set up and program- 
med, and the system it’s used in. The versatility of the 
scanner necessitates discussion of hardware programming, 
software control over the Hewlett-Packard Interface Bus 
(HP—IB), theory of operation, and applications with 
specific controllers and channel options. A thorough 
understanding of these areas will help you determine the 
“BEST” way to set up and use the 3495A for your 
application. 


3-3. Turn On. 


Make sure the rear panel line voltage selector 
switches are set for the proper 100 V, 120 V, 
220 V, or 240 V configuration and the proper 
fuse is installed BEFORE turning on the 
3495A. 


3-4. Depress the front panel line switch to turn on the 
3495A. A green “ON” indicator is located above the line 
switch on scanners with Serial Numbers 1428A01626 and 
above. On earlier scanners, a green tab inside the line switch 
flips down to indicate turn on. 


3-5. Turn Off. 


3-6. Press and release the front panel line switch to run off 
the 3495A. 


3-7. FUNCTIONAL DESCRIPTION. 


3-8. The following paragraphs describe the basic operation 
of the 3495A decade options. 


3-9. Low Thermal Decades (Options 001 and 003). 


3-10. The channel terminal assignments and relay configur- 
ations are shown in Figure 7-B-21 of Service Group B. 
Channels are arranged as ten per option (a decade). Low 
thermal decades are ten-to-one multiplexers with one set of 
common terminals. Signals are multiplexed to the common 
terminals one-at-a-time in a break-before-make sequence. 
This means that a previously closed channel in a decade 
opens before the new channel closes. 


INSTRUCTIONS 


3-11. Guard relays close before and open after the High/ 
Low relays on each channel. Common terminals of low 
thermal decades in one or more 3495A’s may be connected. 


3-12. The front panel displays indicate channel conditions 
on a decade. A closed channel is indicated by the two-digit 
number displayed on the decade’s display. Low thermal 
decade displays are shown in Figure 2-3 of Section II. 


3-13. Actuator Decades (Option 002). fe!) 


3-14. The channel terminal assignments and relay configur- 
ations for Actuator decades are shown in Figure 7-C-13 of 
Service Group C. Actuator channels are arranged ten per 
option (a decade) and consist of two sets of normally open 
contacts with four terminals per channel. Actuator channels 
are not sequenced and any number of channels per decade 
may be closed at the same time. 


NOTE 


The Scanner exhibits a maximum switching 
time of 40 msec with clear addresses installed 
into this option. 


3-15. Closed Actuator channels are indicated by the chan- 
nel numbers displayed on the decade’s display. The Actua- 
tor display consists of a ten’s channel digit and correspond- 
ing unit’s channel LED’s. An Actuator display is shown in 
Figure 2-3 of Section II. 


3-16. Low Thermal Duo-Decades (Options 004 
and 005). 


3-17. The channel terminal assignments and relay config- 
urations for the duo-decade options are shown in Figure 
7-D-9 of Service Group D. Low thermal duo-decades are 
twenty-to-one multiplexers with one set of common ter- 
minals. Signals are multiplexed to the common terminals 
one-at-a-time in a break-before-make sequence. This means 
that a previously closed channel in a decade opens before 
the new channel closes. 


3-18. The duo-decade options provide for operation of the 
full 80 channel capacity of the 3495A. Synchronous opera- 
tion and selectable relay open and close timers allow for 
burst channel closures of more than 1000 per second. A 
high speed DVM with a reading rate exceeding this must be 
used to make measurements at this speed (such as the -hp- 
Model 3437A). 


3-19. The high-speed capability of the duo-decade options 
combined with increased channel capacity make duo- 
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decade options well suited for multi-channel burst measure- 
ments and other high speed applications. 


3-20. HARDWARE PROGRAMMING. 


3-21. Optimizing the 3495A Scanner for a particular 
application is accomplished through a series of three hard- 
ware programming features: 


a. The physical selection of channel hookups on the ter- 
minal assemblies. 


b. The selection of decade and duo-decade (open) close 
and clear addresses by positioning internal jumper wires. 


c. The selection of the 3495A’s Listen Address on the 
Hewlett-Packard Interface Bus by positioning internal 
jumper wires. 


3-22. CHANNEL HOOKUP. 


3-23. In some applications, the proper selection of chan- 
nels may reduce the amount of software needed for data 
manipulation. If the physical (space) or sequential (time) 
relationships between measurements are important, assign 
channels with this in mind. 


3-24. The most obvious way of selecting channel hookups 
is to assign measurements which are adjacent physically or 
sequentially to adjacent 3495A channels. This “duplicates” 
the relationship between measurements. 


3-25. DECADE ADDRESSES (Options 001, 002, 003). 
NOTE 


The terms “‘clear’’ and “open” have near equiv- 
alent meanings in this manual. “Clear”’ is used 
explicitly for decade options. “Open”’ is used 
explicitly for duo-decade options. 


3-26. A system of hardware Close and Clear addresses for 
channel decades provides considerable versatility in operat- 
ing the 3495A. Channels are programmed by sending two- 
digit instructions to the 3495A: a ten’s channel digit and a 
unit’s channel digit. Each decade may be hardware pro- 
grammed to respond to a specific ten’s channel digit of 0 
through 7 by positioning jumper wires on the logic assem- 
blies. The 8 possible decade addresses provide 80 possible 
channel numbers from 00 through 79. Separate jacks are 
provided for decade Close and Clear addresses. 


NOTE 


Each 3495A with decade options has up to 80 
channel addresses but a maximum 40 channels. 
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3-27. A decade address “‘SSENSITIZES” a decade to 
respond to a ten’s channel digit of a channel programming 
instruction. The decade Close address(es) select the ten’s 
channel digit(s) that close channel(s) on that decade. The 
decade Clear address(es) select the ten’s channel digit(s) 
that open all the channels on that decade. The following 
examples illustrate the jumper positions, resulting Close 
and Clear addresses, and channel response to instructions: 


JUMPER POSITIONS 
CLOSE CLEAR 
1@) 
7 
CLOSE CLEAR 
ADDRESSES: ADDRESSES: 
00—09 NONE 


CHANNEL ACTIVITY 


The channel(s) on this decade will close on channel 
instructions of 00 thru 09. 


Channel instructions for other decades will NOT affect the 
channels on this decade. 


JUMPER POSITIONS 
CLOSE CLEAR 


CLOSE CLEAR 
ADDRESSES: ADDRESSES: 
10-19 00—09, 20—79 


CHANNEL ACTIVITY 


The channel(s) on this decade will close on channel 
instructions of 10 thru 19. 


Channel instructions for other decades will clear this 
decade. 
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JUMPER POSITIONS 


CLOSE CLEAR 
4H |0 
-—— 


-— 
-—H 


7 


CLEAR 
ADDRESSES: 
00-39 


CLOSE 
ADDRESSES: 
40—59 


CHANNEL ACTIVITY 


This channel(s) on this decade will close on channel 
instructions of 40 thru 59. Using a 4X or 5X instruction is 
immaterial since 41 will close the same channel as 51. 


Channel instructions from 00 thru 39 will clear this decade. 


3-28. Selecting Decade Addresses. 


3-29. Factory installed decades are given non-overlapping 
Close addresses of 00—39, depending on the number of 
decades installed. Low Thermal decades are given 7 Clear 
addresses not corresponding to the Close address. Actuator 
decades have NO Clear addresses wired. 


3-30. If you intend to modify the decade Close and Clear 
addresses of your 3495A, you must first remove the factory 
installed jumpers. Install jumpers in the Close address posi- 
tion(s) you want that decade to respond to. Next install 
jumpers in the Clear address position(s) you want to clear 
that decade. Figure 3-1 illustrates six decade addressing 
schemes. 


Example: A Logic assembly may have a Close 
address of 0 and 1; and a second Logic assem- 
bly, a Close address of O and a Clear address of 
1. When channel number 05 is programmed and 
executed, channel 5 closes on both Logic 
assemblies; but when channel number 15 is pro- 
grammed and executed, channel 5 closes on the 
first Logic assembly, and all channels open on 
the second Logic assembly. 


3-31. A pair of 3495A’s (with decade options only) can be 
hardware programmed to act as one unit by assigning Close 
addresses of 0 through 3 to one scanner and 4 through 7 to 
the other. If both scanners have the same Listen address, 
they act as one 80 channel scanner. 


3-32. Up to five 3495A’s loaded with low thermal decades 
can be connected to act as a maximum 200-to-1 multi- 
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plexer. This can be done as follows: 
a. Assign each 3495A pair the same Listen address. 
b. Assign the remaining 3495A a unique Listen address. 
c. Connect the Common terminals of all 20 decades. 


d. Assign decade Close addresses of 0 through 8 to each 
scanner pair. 


e. Assign each decade, seven Clear addresses not corres- 
ponding to its Close address. 


f. Connect the SYNC jacks of each scanner. 


3-33. DUO—DECADE ADDRESSES (Options 004, 005). 


3-34. Close and Open addresses for channel duo-decades 
are set on the duo-decade logic assembly. An 8 switch DIP 
(S1) can be positioned to provide any combination of close 
or open addresses as follows: 


Duo-Decade 
Address 
Blocks 


00—19 
20—39 
40—59 
60—79 


3-35. A duo-decade address “sensitizes”? a duo-decade to 
respond to a block of twenty channel programming instruc- 
tions. The “close” response is the closure of the desired 
relay(s) in the selected block or blocks. The “open” 
response is the opening of all relays in the selected block or 
blocks (twenty per open address). The following examples 
illustrate the switch positions, resulting close and open 
addresses, and channel response to instructions. 


SWITCH POSITIONS 
(SWITCHES SHOWN ARE CLOSED) 


C 
efe T)\}o 
S 2 
© 4 
"9) gi & 
t sic6 
m 4 
N 2 
= (0) 


CHANNEL ACTIVITY 


The channel(s) on this duo-decade will close on channel 
instructions of 00 through 19. 


Channel instructions for other duo-decades will NOT affect 
the channels on this duo-decade. 
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DECADE DECADE DECADE 
ADDRESS ADDRESS ADDRESS 


1 2 


DECADE DECADE DECADE 
ADDRESS ADDRESS ADDRESS 
t) ® i) 


CHANNEL 0 
ae Se | eee 
CHANNEL 1 
ae EE 
CHANNEL 2 


CHANNEL 8 
aan aes) 
CHANNEL 9 


DECADE DECADE DECADE 
ADDRESS ADDRESS ADDRESS 
5 2 2 


CHNL 50 CHANNEL 20 
ois eee es] 


CHNL 51 CHANNEL 21 


CHNL 52 CHANNEL 22 


CHNL 58 CHANNEL 28 
CHNL 59 CHANNEL 29 


DECADE 
ADDRESS 


3 


DECADE 
ADDRESS 
1 


CHNL 10 


DECADE 
ADDRESS 


7 
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DECADE DECADE DECADE DECADE 
ADDRESS ADDRESS ADDRESS ADDRESS 
i) ti) 


1 2 
CHANNEL 0 CHNL 10 CHNL 20 


CHANNEL 1 CHNL 11 CHNL 21 


CHANNEL 2 CHNL 12 CHNL 22 


CHANNEL 8 CHNL 18 CHNL 28 


CHANNEL 9 CHNL 19 CHNL 29 


DECADE DECADE DECADE DECADE 
ADDRESS ADDRESS ADDRESS ADDRESS 
t) i) i) 0 


CHANNEL 0 


CHANNEL 8 
SSS SSS Sa 


CHANNEL 9 


DECADE DECADE DECADE DECADE 
ADDRESSES ADDRESS ADDRESS ADDRESS 
3,4 


1 
CHNL 30 CHNL 10 


CHANNEL 40 


CHNL 39 CHNL 19 CHNL 69 
CHANNEL 49 


Figure 3-1. Some Decade Address Possibilities. 
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SWITCH POSITIONS 
a (SWITCHES SHOWN ARE CLOSED) 


c 


ON DODD APN O 


CHANNEL ACTIVITY 
The channels on this duo-decade will close on 
channel instructions of 20 through 39, and 60 
through 79. 


Channel instructions for other duo-decades will 
open the channels on this duo-decade. 


3-36. Selecting Duo-Decade Addresses. 


3-37. The duo-decade addresses are easily set or changed 
on the DIP switch S1. 


NOTE 
The switching speed of the 3495A is deter- 
®@ mined by the slowest option installed with 
clear (open) addresses. Duo-decades will not 
operate at their maximum speed in a mixed 
option 3495A unless the slower options have 
no clear addresses installed. 


3-38. LISTEN ADDRESS. 


3-39. Further versatility in the operation of the 3495A is 
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provided by hardware assignment of the 3495A’s HP—IB 
Listen address on the A4 or A8 assembly. Any number of 
3495A’s may be given the same or different addresses. 
Different addresses among the 3495A’s are generally used 
to give the maximum number of unique channels. Identical 
addresses may be used for multiple-wire scanning. 


3-40. Selecting a Listen Address. 


3-41. A Listen address must be selected for each 3495A on 
the HP—IB by placing jumpers in the A4 Address jack or 
A8 dip switch, corresponding to the five least significant 
binary bits, DIOS through DIO1, of any character in Table 
3-1. A closed switch is a logic level ‘‘1’’, an open switch, 
“QO”. A jumper in the jack is logic level “1”; a jumper out, 
“OQ”. The numbering of the bits is from right to left on the 
jack. The last two of the seven positions are ignored on the 
A4 assembly and used for initializing the external incre- 
ment capability and implementing signature analysis tests 
on the A8 assembly. Closing these switches enables the 
external increment and SA test capabilities on the A8 
assembly. Right parenthesis, ), is the Listen address used in 
all examples in this manual and is the address set at the 
factory. This is illustrated below: 


A4 
| | SA 
NO | | 10/11 

CONNECTION | | | Phe lee 

KH |- 

| t|— 

| | j- 

- 


LISTEN ADDRESS 
DIO7 THRU D101: ASCII CHARACTER: 


01 01001 ) 
NOTE: SWITCHES SHOWN ARE CLOSED. 


Table 3-1. My Listen Addresses. 


MLA HPIB DATA BITS DEC- MLA HPIB DATA BITS DEC- 
DIO7 THRU DIO1 IMAL DIO7 THRU DIO1 IMAL 
SP 32 01 48 


0100000 

0100001 33 
0100010 34 
0100011 35 
0100100 36 
0100101 37 
0100110 38 
0100111 39 
0101001 40 
0101010 41 
0101010 42 
0101011 43 
0101100 44 
0101101 45 


i 0101110 46 
OPTOMA 47 
NOTE: The Listen addresses are ASCII characters. 
t : This is the factory selected value. 


10000 
10001 
10010 


*OWMANODAAWNHO 
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Source Operation Acceptor Operation (34954 SCANNER) 


Set DAV High 


Are Able to 


Both H 
NRFD & NDAC Error andshake & 
Sensed Condition 


High 
? 


Respond to Data 
If Accepted 
? 


TI &TIO 


Put or Change Data 


on DIO Lines. Ready 


To Accept 


Delay for Lines to 
Settle 


YES. 
T34TI2 


Data is valid and may now be 
accepted 
Set DAV Low pean 


T4 &TI4 


Accept 
Data Byte 


Has TS& TIT 
DAV 
Gone High 
Yet Set NDAC Low 


HP-1B -B- 4183 


Figure 3-2. HP-IB Handshake Sequence. 
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3-42. THE HEWLETT—PACKARD INTERFACE BUS 
(HP—IB). 


3-43. The 3495A Scanner receives commands and instruc- 
tions from the controller over the HP—IB. The HP—IB 
System uses the ASCII (American Standard Code for 
Information Interchange) code in bit parallel, character 
serial form. 


NOTE 


The HP-IB conforms to the IEEE standard 
488-1975 and uses LOW True Logic. 


3-44. The HP—IB signal lines used by the 3495A Scanner 
are listed in Table 3-2. For convenience, each bus signal line 
is identified by a mnemonic, which is an abbreviation of the 
signal name. 


Table 3-2. HP-IB Signals/3495A Scanner. 


DIO (1-7) Data Input/Output 
ATN Attention 


NRFD Not Ready for Date 
NDAC Not Data Accepted 
DAV Data Valid 

LEC Interface Clear 


3-45. Data Lines (DIO1 — DIO7). 


3-46. The 3495A Scanner uses seven of the eight data lines 
on the HP—IB. All of the lines are LOW True. 


3-47. Attention (ATN). 


3-48. When ATN is low, the HP—IB is placed in the Com- 
mand mode, and the controller may place addressing and 
command information on the data lines. When ATN is 
High, the HP—IB is placed in the Data mode, and the 
controller or talker may place device dependent data on the 
data lines. 


3-49. Handshake Signals (NRFD, NDAC, DAV). 


3-50. Transfer of information over the HP—IB is managed 
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by a three-wire handshake sequence. The handshake 
sequence between a talker and a listener (the 3495A) is 
illustrated in Figure 3-2. The designated Talker and Listener 
instruments must have the handshake capabilities necessary 
to implement the sequence. Typical handshake times for 
3495A commands and instructions are given in Table 1-2 
of Section I. 


3-51. Interface Clear (IFC). 


3-52. When IFC is set LOW, the HP—IB is cleared and all 
transfer of information over the Bus halts. 


NOTE 
The IFC signal does NOT clear the scanner 
channels. It DOES clear the previously stored 
instructions. 


3-53. Scanner Bus Capabilities. 


3-54. The interface capabilities of the -hp- Model 3495A 
Scanner are listed in Table 3-3. 


Table 3-3. 3495A Scanner Bus Capabilities. 


Description of Capability 


No source handshake capability 


Complete acceptor handshake capability: allows the 
Scanner to take a byte (command or data) from the 
bus (Listen). 


No talker capability 
No extended talker capability 


Basic listener capability: allows the Scanner to be 
selected to listen (Addressed) . 


No extended listener capability 
No service request capability 
No remote-local capability 

No parallel poll capability 


Complete device clear capability: allows the Scanner 
to be cleared (open all channels). 


Complete device trigger capability: permits the Scan- 
ner to have its operation initiated by a controller. 
Open Collector Drivers 
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GENERAL HP—IB PROGRAMMING 


3-55. The Algorithm. 


3-56. An Algorithm is a procedure for obtaining a solution 
to a problem. Programming HP—IB instruments is made 
easier by developing an algorithm prior to writing actual 
programs. 


3-57. The procedure for controlling the scanner can be 
stated as a number of well-defined steps. Once the steps are 
known, programs for almost any controller can be written. 


3-58. Defining the Steps. 


3-59. The Scanner’s entire set of programmable capabilities 
can be summarized as follows: 


a. Clear. Clear (open) all channels (clear instructions 
sent AND executed). 


b. Close. Close one or more channels (close instructions 
sent AND executed). 


c. Trigger. Execute previously received instructions. 
With Option 100 


d. STEP. Increments or decrements dependent on prior 
FIRST and LAST channel programming instructions and 
executes the present channel programming instruction. The 
channels cycled through, and the increment versus decre- 
ment behavior are programmable. The step can be per- 
formed by software or an externally applied increment 
signal. 


Therefore, any step in a Scanner algorithm must perform 
one or more of these four functions. 


3-60. Program Example. A program is needed to perform 
the following: 


a. Close only channels 21 and 31. 


b. Change to channels 22 and 32 on a later command. 


c. Increment through channels 33 to 36. 
An algorithm to accomplish this would be: 

d. Clear the Scanner. 

e. Close channels 21 and 31. 


f. Send to the Scanner the clear instruction, and the 
close channel 22 and 32 instructions. 


g. Trigger the Scanner to execute the previous instruc- 
tions. 


h. Increment four times. This can be accomplished by 
either: 


1. Sending four step (S) instructions. 


2. Sending the external increment on (11) instruction 
followed by applying four increment pulses. 


3-61. Notice that the algorithm does not say HOW to 
perform each step, just WHAT steps are needed. To actually 
perform each step of a Scanner algorithm, a thorough 
knowledge of the Scanner’s programming mode is needed. 


3-62. PROGRAMMING MODEL FOR THE 3495A 
SCANNER. 


3-63. The way the Scanner performs the steps of an 
algorithm is determined by the Scanner’s set of commands 
and instructions (data). Commands are sent to the Scanner 
when the HP—IB is in the Command mode (ATN LOW). 
Instructions are sent to the Scanner when the HP—IB is in 
the Data mode (ATN HIGH). The Scanner does not use the 
EOI, SRQ, REN, and DIO8 lines of the HP—IB. 


3-64. In the Command mode the 3495A can be addressed 
to Listen, addressed to unlisten, cleared, or triggered to 
execute previous data mode instructions. Table 3-4 lists the 
set of 3495A commands in the command mode. 


Table 3-4. Commands. 
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Selected Device Clear (SDC) | cor | 0000100 el Scanner Must Be Listening 


With The HP-IB In The 
Group Execute Trigger (GET) | es | 0001000 = alana Pa 


Device Clear (DCL) | pca | 0010100 
My Listen Address (MLA) Table 3-1 Table 3-1 Eaeee 3-1 The HP-IB Must Be In 


The Command Mode To 
Unlisten Address (UNL) 0111111 | 6s | ee 


Scanner Must Be Listening 
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Figure 3-3. 3495A Scanner Programming Model. 


3-65. In the Data mode, a listening 3495A can be instruct- 
ed to close and open channels or receive instructions to be 
triggered in the Command mode. With the A8 fast con- 
troller (Option 100), the 3495A can increment or decre- 
ment through a selectable block of channels under software 
or external control. This behavior is programmed by 
specially handled characters within the 3495A instruction 
set. Table 3-5 lists the set of 3495A instructions in the 
Data mode. 


3-66. A programming model for the 3495A Scanner is 
shown in Figure 3-3. Steps in an algorithm are performed 
by programming the Scanner in compliance with the basic 
sequence summarized in the model. The basic sequence: 


a. Enter the Command mode (ATN LOW). 


b. Address controller to Talk; Scanner to Listen (estab- 
lish the communication path). 


NOTE 


Sending the unlisten address (ASCII ?) prior to 
the Talk and Listen address as is advised to 
eliminate unwanted listeners. 


c. Send the commands (Table 3-4). 


d. Enter the Data mode (ATN HIGH). 


e. Send the instructions (Table 3-5). 


3-67. Once the communication path is established, the 
Scanner will listen until addressed to unlisten. If not 
addressed to unlisten, Step b may be skipped. If commands 
are not to be sent, Step c may be skipped. This would be 
the equivalent of sending a Data message. If the communi- 
cation path need not be re-established, and no commands 
are to be sent, Steps a — c may be skipped and Step d per- 
formed only once. However, addressing all devices to 
unlisten prior to Talker and Listener addressing is advised 
in every algorithm step to guarantee the integrity of the 
communication path. 


3-68. HP—IB Command Mode. 


3-69. The functions of the 3495A Commands listed in 
Table 34 are described below. 


Selected Device Clear (SDC): 
Opens all channels if the 3495A is presently addressed to 
listen (a listening 3495A). 


Table 3-5. Instructions. 
(Shaded instructions are valid with Option 100 only.) 


INSTRUCTION ASCII CHARACTER DECIMAL 


Digit G,1,2,3,4,5,6,7,8,9 
Space SP 
Clear c 

Execute — Carriage Return (CR), E 


se 4 


No Operator 
Delimiter 


*With preceding exceptions 


NUL, DEL 
Any other character 


48 thru 57 


0,127 
1 thru 126* 
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Group Execute Trigger (GET): 

Executes all previously unexecuted HP—IB data mode 
instructions stored in the 3495A if the 3495A is 
listening. 


Device Clear (DCL): 
Opens all channels unconditionally. 


My Listen Address (MLA): 
Addresses the 3495A so that it will listen. 


Unlisten Address (UNL): 
Addresses the 3495A so that it will not listen. 


3-70. HP—IB Data Mode. 


3-71. Data mode instructions consist of channel program- 
ming instructions and specially handled characters. Table 
3-5 lists the 3495A Data mode instructions. 


3-72. Channel Programming Instructions. 


3-73. Channels are programmed to close and decades or 
duo-decades to clear with two digit instructions consisting 
of a ten’s channel digit (decade select) and a unit’s channel 
digit (channel select). Instructions accumulate in two- 
character fields with special restrictions on spaces and 
delimiters. Accumulated instructions are executed by a 
Carriage Return (CR), Execute (E), or Software Increment 
(S), at the end of the instruction string, or by the Group 
Execute Trigger command in the HP—IB Command mode. 
Any number of Actuator channels per decade may be 
closed simultaneously but only one Low Thermal channel 
per option may be closed. 


NOTE 


An ASCII Carriage Return is automatically sent 
by many calculators at the end of an instruc- 
tion string and must be suppressed if not 
wanted. 


3-74. Specially Handled Characters. 


3-75. In addition to the ASCII “CR” and “E” characters, 
an ASCII “C” in the HP—IB Data mode will immediately 
open all channels. ASCII “NUL” and “DEL” characters are 
unconditionally ignored. Spaces act as zeros or are ignored 
in instruction strings (see instruction formatting). Delimit- 
ers serve to begin or end instruction fields. 


NOTE 


The SDC and DCL commands and the “C” 
instruction also return the 3495A to the start- 
up SA and If or I1 mode as determined by 
switches 6 and 7 on A8S1. 
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3-76. Further Special Characters, Option 100. 


3-77. The special characters added by the A8 fast control- 
ler are used to set bounderies on all increment behavior, to 
suppress or implement the external implement capability, 
or to generate a software controlled increment. 


3-78. An ASCII ‘“‘F” preceding a channel number selects 
that channel as the first channel in the block. An ASCII 
“L” preceding a channel number selects that channel as the 
last channel in the block. After initializing F and L, the 
ASCII characters “‘F” and “L” can be used in place of the 
channel numbers. 


3-79. If the numerical value of F is less than the numerical 
value of L, the channels will increment. If the numerical 
value of F is greater than the numerical value of L, the 
channels will decrement. Incomplete or illegal values for F 
or L will not change them from their prior values. 


3-80. Channels increment or decrement into the block if 
the behavior of the incrementation or decrementation is 
towards the block. If the behavior is away from the block, 
the first increment (an ASCII ‘‘S” in the data mode or a 
negative transition at the external increment input at JS 
with the external increment software enabled [I1 mode] ) 
jumps to the first channel. 


3-81. An ASCII ‘‘S” in the data mode immediately incre- 
ments a channel and executes accumulated instructions in 
a line. The software increment capability of the A8 inter- 
face and control assembly cannot be disabled. 


3-82. The external increment capability of the A8 inter- 
face and control board is enabled by an ASCII “11” and 
disabled by an ASCII “IQ”. 


3-83. F and L are initialized to 00 and 79 respectively 
during a power-up condition, after the SDC or DCL com- 
mands, or after the “C” instruction. In addition, a power- 
up condition initializes the external increment capability as 
determined by dip switch six (6). A closed switch enables 
the external increment capability upon turn-on. This is the 
factory set position. 


3-84. Instruction Formatting. 


3-85. The basic format for a channel-close instruction is: 
Lee 
Where T = Tens channel digit (decade select) 


U = Units channel digit (channel select) 
E = Execute or Carriage - Return (CR) 
F = Instruction field (shaded) 


For example, the instruction: 
07 35E 


Will close channels 07 and 35 (if the decade clear addresses 
are not 0 or 3). 
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3-86. The following rules govern formatting instructions in 
ways other than the basic format. In all examples, assume a 
decade clear address of 6, and that the scanner is listening 
and in the Data mode. Complete instruction fields ara 
shown as shaded areas. Spaces are shown asa_. 


a. The second successive leading space (before a digit) in 
a field acts as a zero. All others are ignored. 
Example: — (TE Closes Channel 7 
1. Trailing spaces (after a ten’s channel digit) in a 
field are ignored. 
Example: 7, —4E Closes Channel 74 
b. A lone digit in a field (creating an incomplete field) 
acts as a ten’s channel digit and execution clears that 
decade. 
Example: 355E Closes Channel 35 and clears 
decade 5 (duo-decade 4 with 
options 004 or 005) 
c. Delimiters separate instruction fields. 
Example: 4. —, 5E Clears decades 4 and 5 (duo- 
decade 4 with options 004 
or 005) 


NOTE 


Delimiters may be used in instruction strings to 
enhance program readability. 


d. All instructions in a line are executed simultaneously 
with priority given to the latest instruction. 
Example: 2,23 Insures that only Channel 23 
is closed on decade or duo- 
decade 2. 


NOTE 
This effects break-before-make sequencing on 
Actuator decades but is not necessary on Low 
Thermal decades. 

NOTE 
This type of format can be used on actuator 
decades to open only selected channels. For 


example: 


1, fOPLI2 TSA TET IS E 


will open only channels 16 and 19 without even 
momentarily opening the other channels within 
this decade. 
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e. The latest Low Thermal channel instructions super- 
cedes all previous channel instructions in the same decade. 


Example: 25 26E Closes Channels 25 and 26 on 
an actuator decade but only 
Channel 26 on a low thermal 


decade or duo-decade. 


f. The “Clear” instruction (““C”) immediately opens all 
channels. An “Execute” (“E’’) instruction is not needed. 


Example: 24C Opens all channels. 
C24E Insures that only Channel 24 
is closed. 


g. “No operator” instructions are always ignored. 
h. F and L require complete instruction fields follow- 


ing the “F” and “L” special characters. An execute “RE” 
instruction is not needed. 


Example: 
F2t L338 Defines a block of channels with a 
first channel of 21 and a last chan- 
nel of 32. 
FOE L2QE F is not affected. 
Lis defined to 2. 


Duo-decade @ is cleared (opens). 
Channel 29 is closed. 


i. If F< L...the 3495A increments through the chan- 
nels. If F > L...the 3495A decrements through the chan- 
nels. 


j. FE and LE output the current first and last channels 
respectively. This does NOT change the current value of F 
or L. 


k. I@ = External Increment Off. I1 = External Incre- 
ment On. 


1. An “S” (Software Increment) is immediately exe- 
cuted and is not affected by the I@ or I] instructions. 


m. The first ‘‘S” special character acts as an execute to 
accumulated instructions. 


Example: 
22 SS Closes channel 22 and increments 
or decrements ONCE. 


n. The first increment/decrement jumps the 3495A to 
the current first channel if headed away from the first chan- 
nel. Otherwise the 3495A will increment/decrement to it. 


Example: 
F30 L35 40E The first “S” jumps to channel 30. 


F30 L35 20E Increments from 20 into the de- 
fined block, upon increment signals. 
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Table 3-6. Implementing The Algorithm Example. 


Clear the Scanner 1323 


Close Channels 21 and 31 


Send the Scanner the Clear 
instruction, and the Close 
Channel 22 and 32 instructions. 


Trigger the Scanner to execute T2323 
the previous instructions 


Increment four times 1224-5 


Algorithm Step Necessary Model Steps Commands Instructions Comments 
(Step 3) (Step 5) 
ASCII Command 
C4 DCL 


a aoe “ 
17274>5 C2232 3 i 
prevent immediate execution. 


= a os Sequence 
Advised: 12-3312 74755 3172455 >1>2>3 71254 >5 


The addressing in Step 2 is not 
necessary for the DCL command 
but is needed in subsequent 
algorithm steps. 


Steps 1 and 2 are not necessary but 
are advised to insure that only wanted 
talkers and listeners are on the bus. 


Steps 1, 2 and 4 may be omitted as 
described above. An end-of-line 


carriage return must be suppressed to 


me: 2 may be omitted as described 
above. 


= 


Minimum: 1 


The shaded step(s) require(s) the A8 Interface and Control Assembly. 


3-87. Refer to the algorithm developed for the program 
example at the beginning of General HP—IB Programming. 
The basic programming steps needed to perform each step 
of the algorithm can be determined from the scanner pro- 
gramming model in Figure 3-3. The commands used in Step 
3 of the Model and the instructions used in Step 5 have 
fixed ASCII values. With information on instruction for- 
matting, the actual instructions can be determined. 


3-88. Table 3-6 uses the Scanner programming Model to 
develop the programming steps, commands, and instruc- 
tions needed to implement the algorithm example. 


3-89. To write the final program, you must know the 
specific controller language. Even without knowing the con- 
troller language, you can develop an algorithm and deter- 
mine what program steps, commands, and instructions are 
needed to implement your algorithm. Once this is done, 


+2>3>74>5>5>1->3 


>4>5 


translating the steps into specific controller statements is 
easier. 


3-90. PROGRAMMING CONSIDERATIONS: Option 100. 


3-91. Take care to avoid or suppress unwanted end of line 
carriage returns when defining first and last channels in 
a block. 


NOTE 


The most recent first or last channel program- 
ming instruction is retained by the fast control- 
ler assembly. Programming the first channel 
after the last channel will ensure first channel 
closure upon the first increment signal. See 
instruction formatting rule “‘m 


APPLICATIONS 


3-92. INTRODUCTION. 


3-93. This sub-section contains information on a few of 
the many applications of the -hp- Model 3495A Scanner. 
Information on programming the 3495A with -hp- calcula- 
tors can be found as appendices to this manual. As addi- 
tional -hp- controllers are introduced, operating notes con- 
taining programming information for the 3495A will be- 
come available and should be included in the support docu- 
mentation summary at the end of Section I. 


3-94. The General HP—IB Programming Sub-Section 
describes the 3495A commands and instructions and 
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develops a programming model for use in translating 
specific controller languages to functional scanner control 
messages. 


3-95. Low Thermal Applications (Option 001). 


3-96. Low Thermal channels are typically used for voltage 
scanning, 2 wire ohms scanning, and 4 wire ohms scanning. 
Figure 3-4 illustrates the basic hookup for voltage scan- 
ning. Figure 3-5 is a physical diagram of terminal connec- 
tions for voltage scanning with an -hp- Model 3490A Digi- 
tal Multimeter. Figure 3-6 is a functional view of this 
application. 
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Figure 3-4. Basic Volts Multiplex Scanning (Low Thermal) (Option 001). 


3-97. A physical view of two-wire ohms scanning with a 
3490A Digital Multimeter is illustrated in Figure 3-7. A 
functional view of this application is shown in Figure 3-8. 


3-98. A physical view of four-wire ohms scanning with a 
3490A Digital Multimeter is illustrated in Figure 3-9. A 
functional view of this application is shown in Figure 3-10. 


3-99. Guard terminals are provided for each channel. If a 
Guard-to-Low connection is not made at the point of mea- 
surement a guard Common-to-Low Common connection is 


needed on the terminal assembly. 
3-100. Actuator Decade Applications (Option 002). 


3-101. Actuator decade channels are typically used for 
voltage scanning and matrix scanning applications. 


3-102. A physical view of the terminal connections for 
voltage scanning with a 3490A Digital Multimeter is shown 
in Figure 3-11. A functional view of this application is 
shown in Figure 3-1 2. 


Q Signal High 
2 Signal Low 
Input High 


Input Low 


Decade Close address @. Decade Close address 1. 


TS14A| TS14B 


sie] 


sisis sisfsfsfs 


= HIGH COM. HIGH 20+ 
=LOWCOM. Low20+ 
=-GUARD HIGH 21> 

COME LOW 21+ 
HIGH 22+ 
LOW 22+ 
HIGH 23~ 
LOW 23« 
HIGH 24= 
LOW 244 


HIGH 9= 
LOW 9 = 
HIGH 1* 
LOowl-e 
HIGH 2> 
LOW 2° 
HIGH3 = 
LOW 3> 


HIGH 4 > 
LOW 4e 


= HIGH COM. 
=+ LOW COM. 
= GUARD COM. 


+GUARD @ 
+ GUARD 1 
= GUARD 2 
= GUARD 3 
«GUARD 4 


+ GUARD 20 
+ GUARD 21 
= GUARD 22 
= GUARD 23 
+ GUARD 24 


ISS) 


Figure 3-5. Physical View: Voltage Scanning (Option 001). 
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Figure 3-6. Functional Diagram for Voltage Scanning (Options 001 and 004). 
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Figure 3-11. Physical View: Voltage Scanning (Actuator). 
Figure 3-9. Physical View: 4 Wire Ohms Scanning (Option 001). 
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Figure 3-7. Physical View: 2 Wire Ohms Scanning (Option 001). ae 
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Figure 3-8. Functional Diagram for 2 Wire Ohms Scanning (Options 001 and 004). 


Figure 3-10. Functional Diagram for 4 Wire Ohms Scanning (Low Thermal). 3-15/3-16 
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Figure 3-12. Functional Diagram of Voltage Scanning (Option 002). 
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Figure 3-13. Matrix Scanning. 


3-103. Figure 3-13 demonstrates how Actuator channels 
may be connected in a matrix arrangement for connecting 
stimulus and response instruments to the pins of a device 
under test. Any instrument may be connected across any 
two pins of the device and any number of the instruments 
may be connected simultaneously. Both scanners are given 
the same HP—IB Listen address and the eight decade Logic 
assemblies are each given one unique Close address. The 
channels must be closed in pairs; for instance, channels 
9 and 18 connect the counter to the first two pins of the 
device. Matrix scanning permits multiple measurements to 
be made simultaneously. 


3-104. Two Guard terminals are provided on each actuator 
decade terminal assembly. Guarding principles are discussed 
later in this section. 


3-105. THERMOCOUPLE APPLICATIONS (Options 003 
and 005). 


3-106. The -hp- Model 3495A Scanner can be used to chan- 
nel temperature information to other instruments. This 
feature is available as Option 003 (decade option) or as 
Option 005 (duo-decade option). The substitution of a 
Thermocouple Reference Connector for the terminal assem- 
bly used in low-thermal ohms or voltage scanning makes 
this possible. 


3-107. INTRODUCTION. 


3-108. The thermocouple decade and duo-decade options 
are options 003 and 005 respectively for the Model 3495A 
Scanner. In these options a thermocouple reference con- 
nector replaces the low thermal terminal assembly of 
options 001 and 004. Installation procedures for all 3495A 
options are in Section II, Installation. 


3-109. The substitution of the thermocouple reference 
connector in these options provides the 3495A Scanner 
with the capability of making thermocouple temperature 
measurement without the use of a separate reference 
junction. The following paragraphs review thermocouple 
fundamentals and describe the operation of the connector 
as an integral part of a temperature measuring system. For 
further information on the thermocouple theory and temp- 
erature measurements, a list of references is provided at the 
end of this section. 


3-110. Thermocouples in Temperature Measurements. 


3-111. Thermocouples are temperature-to-voltage trans- 
ducers which are used extensively in temperature measuring 
instruments. By connecting two wires made of different 
metals, a voltage is developed across the connection. This 
voltage is called the Seebeck or thermal voltage and 
depends on the composition of the two metals and the 
temperature of the measuring junction. To measure the See- 
beck voltage, a thermocouple circuit is formed as in Figure 
3-14, creating a new junction called the reference junction. 
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Figure 3-14. Thermocouple Circuit. 
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Figure 3-15. V vs. T for Common Thermocouple Materials. 


The open circuit voltage of this circuit is dependent on the 
composition of the two metals and the difference in temp- 
erature between the two junctions. A graph of the voltage- 
to-temperature characteristics of commonly used metals is 
shown in Figure 3-22. Note that these characteristics are 
referenced to platinum. 


3-112. The thermocouple materials are chosen such that a 
temperature difference (T2 — T ) develops series aiding 
thermal emf’s, which appear as the open circuit voltage. If 
the elements consist of the same metals, the thermal emf’s 
are equal and opposite in polarity, resulting in zero open 
circuit voltage regardless of the difference in temperature. 
In the case of T2 and Tj being equal, zero open circuit 
voltage results regardless of what thermocouple materials 
are used. The National Bureau of Standards has developed 
accurate mathematical means for describing the voltage-to- 
temperature relationships, expressed as polynomial expan- 
sions or sets of tables, can be used to accurately transfer 
thermocouple voltage measurements into temperature 
measurements. For more detailed information on thermo- 
element and thermocouple modeling, see Reference 4. 


3-113. If the temperature of one thermocouple junction is 
held constant, the open circuit voltage is dependent on the 
temperature of the other junction. In this way the tempera- 
ture of one junction can be used as a reference to which the 
temperature of the measuring junction can be compared. 
The most commonly used reference junction temperature 
is O°C. This is also the reference temperature for the NBS 
tables. It would therefore seem that temperature measure- 
ments based on NBS type thermocouple information need 
be referenced to 0°C. This method requires strict physical 
or electrical control of the reference junction temperature. 
Deviations in this reference temperature from 0°C would 
create corresponding temperature measurement errors. By 
electrically or mathematically correcting for reference 
temperature variations from 0°C, the reference temperature 
could take on any ambient value, with no resultant mea- 
surement error. This is the method used in the Hewlett- 
Packard Thermocouple reference connectors. 
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3-114. THE REFERENCE CONNECTORS (A24 and A46). 
3-115. Functional Description. 


3-116. The thermocouple reference connectors provide a 
means of accurately measuring the enclosure temperature. 
This allows mathematical compensation for the arbitrary 
but known reference temperature and eliminates the incon- 
venience and expense of an actual 0°C reference tempera- 
ture. A functional view of the reference connectors is 
shown in Figure 3-16. A temperature monitoring thermistor 
is tied to Channel @ of the reference connectors, leaving the 
remaining channels free for thermocouple connections. The 
temperature monitoring and corrective procedure is as 
follows: 


a. Thermistor resistance is measured, R. 


NOTE 


Sample R! continuous ohms monitoring can 
cause thermistor self-heating! Select an ohm- 
meter range which uses .7 mA or less, depend- 
ing on your resolution requirements (Exp: 
-hp- 3455A in the 10 kilohm range). A .1 mA 
ohmmeter current is advised if possible (Exp: 
-hp- 3455A in 100 kilohm range; high resolu- 
tion to retrieve resolution. ) 


b. Reference Temperature is computed, TR: 
5041.6 


= ————— _ — 314.052 Equation 1 
Ln (R) + 7.15 


TR 


c. Thermocouple compensation voltage VR is calculated 
for each thermocouple type used at the appropriate refer- 
ence temperature TR. This is a software process to compen- 
sate for the thermal emf generated by the reference junc- 
tion temperature. Remember, the result desired is the mea- 
suring junction temperature. 


d. Thermocouple voltage is measured, Vs. 


e. Correction is made by adding compensation voltage 
to thermocouple voltage: 


VR+VS=VT 
NOTE 
VR is negative if TR > 0°C. 


f. Measurement junction temperature determined from 
corresponding VT. 


By adding the appropriate compensation voltage, the NBS 
thermocouple values may be used with any arbitrary refer- 
ence temperature. Since the correction is made mathemat- 
ically the reference connector can be used for any thermo- 


Model 3495A Section III 


| CHANNEL 9 to I9 
Vsg to Vsi9 


+ METAL 


CHANNEL | 


TEMPERATURE 
SENSING ww 
THERMISTOR a | 


CHANNEL ® 


| | 
e ae: a 


ISOTHERMAL 
ENVIRONMENT 


| 
| oR 
| 


Figure 3-16. The Reference Connectors: A Functional View. 


couple type or mixture of types. A table or mathematical 
model of specific thermocouple characteristics provides 
data for Steps c and f of the corrective procedure. 


3-117. PHYSICAL DESCRIPTION. 


3-118. The reference connectors are constructed to mini- 
mize temperature differences between the HI and LOW 
input terminals and the temperature sensing thermistor. A 
metal shield encloses the assemblies and forms a baffle 
which limits temperature variations due to convection while 
providing an entry point and strain relief for thermo- 
couple wires. The temperature difference between channels 
is also minimized. Option 003 connectors employ an iso- 
thermal enclosure to minimize the temperature gradient, 
while option 005 connectors employ PC cladding. Guard 
connections are provided for all inputs to improve com- 
mon-mode rejection in floating measurement configura- 
tions. Two sets of HIGH, LOW, and GUARD common 
terminals are also available on the connectors. 


3-119. SOURCES OF ERROR (ACCURACY). 


3-120. The accuracy of the Scanner is dependent on the 


environment it is placed in. A static (steady-state) environ- 
ment occurs exclusively where the ambient and thus the 


scanner temperature varies no more than 1°C/hr. A dynam- 
ic environment occurs where temperature varies no more 
than + 5°C/hr. A 1°C to 5°C change in scanner temperature 
could occur when moving the scanner from a hot automo- 
bile trunk to a ventilated office. A 5°C/hour change in scan- 
ner temperature could occur when the heating system is 
turned on for a work day in an office building. If both 
occur simultaneously, stated accuracies will not apply. If 
either condition is exceeded the specifications will not 
apply until after the scanner has equalized with its environ- 
ment. The thermal time constant of the -hp- Model 3495A 
Scanner is approximately three (3) hours. 


3-121. The possible sources of error which could influence 
the accuracy of temperature measurements made with the 
thermocouple reference connector can be characterized as 
either reference temperature errors or thermocouple mea- 
surement errors. Many of these errors are quite dependent 
on a user’s particular system. Table 3-17 summarizes the 


ies) 
to 
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Sr(& Ref Temp Errors) 


TOTAL ERROR = 
Sm 


A ~ Meas Voltage Errors 


Model 3495A 


+ & Temp Errors Equation 2 


Sm 


Where Sr = Seebeck coefficient at reference: Type J Thermocouple 


and Sm = Seebeck coefficient at measurement: 


Type J Thermocouple 


Table 3-7. Sources of Error (Example: Options 003 & 005). 


Thermistor Accuracy 
(Includes .01°C Thermistor 
curve fit error) 


Temperature Gradients Along 
Terminals 
Static 
Dynamic 


Thermocouple Table 
Conformity 


Ohmmeter Accuracy (3455A) 


possible errors in a representative system. These figures are 
for an -hp- Model 3051A Data Logger System, using 1 year 
specifications for the -hp- 3455A Digital Voltmeter, and 
assuming Type J thermocouples at a 600°C measuring junc- 
tion temperature. Equation 2 is used to determine the total 
measurement error (less calibration error) from the errors 
listed in Table 3-17. 


3-122. The thermistor accuracy and temperature gradient 
errors are inherent to the reference connectors. The ther- 
mocouple table conformity error is system dependent. This 
error occurs when translating the reference temperature to 
a correction voltage via the NBS tables. The ohmmeter 
accuracy error is determined from 3455A 1 year 
specifications. The net temperature error due to ohmmeter 
inaccuracy may be determined by dividing the maximum 
error in the thermistor resistance measurement by the worst 
case thermal sensitivity of the thermistor. Assuming a 2 
ohm relay contact error, the net temperature error due to 
ohmmeter inaccuracy is .066°C. To be safe, .08°C is used. 


3-123. A maximum dynamic scanner offset voltage of 2 
microvolts is possible with the Model 3495A Scanner and 
should be included in the calculation. Another slight mea- 
surement error is possible when measuring thermocouple 
voltage. This system dependent error may be determined 
from DVM specifications. With the Model 3455A DVM, 
using Type J thermocouples at a 600°C measuring junction 
temperature, an 11 microvolt error is possible. When trans- 
ferring these voltage readings into temperatures, an addi- 
tional .1°C temperature measurement error is possible. 


3-124. By using Equation 2, the overall possible measure- 
ment error can be calculated. In this example, an overall 
error of .83°C results. Any user calibration errors would be 
added to this figure. 


NOTE 


This representative error applies to both 
options 003 and 005, within their stated 
dynamic environment conditions. 


Reference Temperature Errors Measurement Errors 


Errors 


Scanner Offset Voltage 
(3495A) 
Static 
Dynamic 


Voltmeter Accuracy (3455A) 


Thermocouple Table 
Conformity 


Thermocouple Calibration 


3-125. WIRING CONCERNS. 


3-126. Care should be taken when connecting thermo- 
couple wires to the reference connector terminals. Bare 
wire lengths should be kept to a minimum to avoid shorting 
input connections. The reference connector attaches to the 
low thermal channel assembly. Check to be sure that the 
low-thermal assembly is securely in its slot on the scanner 
chassis. To limit heat transfer along wires, use 18 AWG 
wires or thinner. The specifications are also a function of 
this restruction. 


3-127. GUARD CONCEPTS. 


3-128. Proper system operation when taking measurements 
with the system DVM’s can only be obtained when the 
DVM’s are guarded correctly. A guarded instrument has an 
additional shield (termed the guard) between the low and 
ground, effectively increasing the low to ground leakage 
impedance. With the guard properly connected, it shunts 
common mode currents away from the source resistances. 
This current shunt then can virtually eliminate common 
mode current errors in the instrument measurement. This 
principle is illustrated for the 3495A in Figure 3-18. For 
more information on guarding, refer to -hp- Application 
Note 123, “Floating Measurements and Guarding”’. 


3-129. GUARDING IN TEMPERATURE MEASURE- 
MENTS. 


3-130. The thermocouple terminal connectors provide 
guard terminals for all sets of HI and LOW thermocouple 
connections. The point at which guard connections are 
made is dependent on the type of thermocouple used. In 
general, there are 3 commonly used thermocouple struc- 
tures, classified by the type of measuring junction as shown 
in Figure 3-17. 


3-131. Exposed Junction Thermocouples. 


3-132. Exposed junction thermocouples are typically used 
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Figure 3-17. Common Thermocouple Structures. 


for the measurement of static or flowing non-corrosive gas 
temperatures where short response times are desired. The 
junction extends beyond an end-sealed sheath. 


3-133. With exposed junction thermocouples guard 
connections should be made close to the measuring junc- 
tion on individual sheaths if a relatively low impedance 
path is suspected between the low thermocouple element 
and source ground (see Figure 3-18A). If no such path 
exists, a low-to-guard connection at the connector is ade- 
aute (see Figure 3-18B). 


3-134. Ungrounded Junction Thermocouples. 


3-135. Ungrounded junction thermocouples are typically 
used for the measurement of static or flowing corrosive gas 
and liquid temperatures. The thermocouple wire is phy- 
sically located from the sheath by a ceramic insulator. 


3-136. A guard-to-low connection should be made at the 
connector to guard ungrounded junction channels. Use 
18 AWG or thinner wire to reduce thermal offsets. 


3-137. Grounded Junction Thermocouples. 


3-138. The grounded junction thermocouple is typically 
used for the measurement of static or flowing corrosive gas 
and liquid temperatures and for high pressure applications. 
The junction is physically attached to the sheath to provide 
faster response than the ungrounded type. 


3-139. With grounded junction thermocouples, guard con- 
nections should be made on individual sheaths at the point 
of measurement if possible. Otherwise, make channel guard 
to low connections. Use 18 AWG or thinner wire to reduce 
thermal offsets. 


NOTE 


Use solid wire when connecting thermocouples 
and guard connections. This reduces the effects 
of thermal offsets due to inherent stranded wire 
qualities. 
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NOTE 


Electrical isolation from the measurement point 
is advised to eliminate unwanted signals from 
the thermocouple circuit. A thermal compound 
may be used to attach the thermocouples to 
the point of measurement. 


3-140. HIGH-SPEED BURST MEASUREMENTS. 


3-141. Burst measurements at speeds up to 1000 channels 
per second is achieved with the fast controller option 
(Option 100) and the duo-decade channel options (Options 
004 and 005). 


3-142. The equipment required for this application 
includes an HP—IB compatible controller and a program- 
mable DVM with a reading rate in excess of 1000 channels 
per second. 


3-143. Figure 3-19 illustrates how an -hp- Model 3495A 
Scanner can be connected to an -hp- Model 9825A Calcu- 
lator and -hp- Model 3437A Digital Voltmeter to form a 
burst measurement system. A sample 9825A program is 
given to cycle through one duo-decade block of channels, 
taking and storing the voltage measurements into a high 
speed buffer. 


3-144. The sample burst measurement program in Figure 
3-20 uses a high speed input/output calculator buffer to 
store ASCII data from the 3437A DVM. The high speed 
buffer is needed when readings are desired at less than 4 
millisecond intervals. The 7001 byte length is needed to 
store the 7 ASCII bytes per reading plus the end-of-burst 
line feed character. 


NOTE 


The calculator will generate an E5 error mes- 
sage without this extra byte. 


3-145. The entire burst is transferred to the buffer by the 
trf (transfer) statement. The free-field formatted red (read) 
statement converts the 7 byte ASCII values to single byte 
readings in a for-next loop. From this point on, the readings 
may be manipulated in accordance with your needs and 
application (statistical analysis, characterization, etc.). 


3-146. SWITCHING GUIDELINES. 


3-147. Here are a few guidelines to help you maximize the 
performance and lifetime of your scanner channels: 


a. The current that can safely be interrupted by a pair 
of contacts varies inversely as the product of switching 
speed and impressed voltage. 
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B. GUARD CONNECTED TO LOW AT SCANNER. 
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Figure 3-18. Connecting the Guard. 
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Figure 3-19. Burst Measurement System. 


b. The amount of ac current that can be safely inter- 
rupted is approximately 1% to 2 times the amount of dc 
current that can be safely interrupted, assuming equiva- 
lent products as per Step a. 


c. For de switching, higher capacitance causes larger 


surge currents during closing; higher inductance causes 
larger voltages during opening. 
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d. As channel reeds approach the end of their life, the 
high-to-low contact resistance (shorted inputs) begins to 
vary, a standard deviation of greater than 0.3 to 0.5 ohms is 
indicative of approaching end of life. 


3-148. Further information on switching concepts can be 
found in reference 5. 
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Figure 3-20. Sample Burst Measurement Program. 
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Table 4-1. Recommended Test Equipment. 


‘np- Mode! No. Required Capabilities 


9825A HP-—IB controller capability * Calculator 
High speed 1/O 2 switching time of option 


—_ aS 


1 Reading rate > 25/sec 
“Reading rate > 100/sec 
Reading rate > 1000/sec 


10° ohm range (options 001 & 003) High Resistance Meter 
107 ohm range (others) 


4329A 
oe 
R,L,C, Meter 


1251-2277 E BNC-to-Dual Banana Plug 
Adapter 


DC Digital Voltmeter 


F 
F 
F 


0757-0280 1K + 1%, 1/8 watt (10-20) Resistors 
(10-20) 

3101-1235 DPDT (2) Switch (es) 
TEST CODES 


S — Switching Time 

T — Thermal Offset Voltage 
| — Channel Isolation 

C — Capacitance 

F — Frequency Response 


*Referenced to |EEE Standard 488-1975 

1 Option 002 with Option 100/Accessory 44413A 

2 Options 001 or 003 with Option 100/Accessory 44413A 
3 Options 004 or 005 with Option 100/Accessory 44413A 
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SECTION IV 
PERFORMANCE TESTS 


4-1. INTRODUCTION. 


4-2. This section contains performance test procedures that 
can be used to verify that the 3495A meets specifications. 
All tests require access to the option terminal connectors 
through the rear door . System orientated operational verif- 
ication tests are included in Section VII, Troubleshooting 
Aids. 


NOTE 


Performance tests for the -hp- Model 3495A 
Scanner can be performed in any order. The 
sequence described for each performance test 
must be followed to obtain valid test results. 


4-3. EQUIPMENT REQUIRED. 


4-4. Testing all 3495A option channels throughout the 
entire set of specifications can be time consuming. For this 
reason the performance test procedures given in this section 
are shown for representative (worst-case where possible) 
channels using minimum equipment configurations. The 
section ends with some suggestions on automating the 
3495A performance test process and suggested equipment 
for such a process. 


4-5. Table 4-1 lists the recommended equipment for testing 
the 3495A Scanner performance against specifications. If 
the recommended equipment is not available, use substitute 
equipment that has required capabilities. 


4-6. PERFORMANCE TEST CARD. 


4-7. A Performance Test Card is provided at the end of this 
section for your convenience in recording the performance 
of the 3495A during performance tests. This card can be 
removed from the manual and used as a permanent record 
of the incoming inspection or of a routine performance 
test. The Performance Test Card may be reproduced with- 
out written permission from Hewlett-Packard. 


4-8. CALIBRATION CYCLE. 


4-9. The 3495A does not require periodic verification of 
performance. The performance should be tested as part of 
the incoming inspection. 


4-10. PERFORMANCE TEST FAILURE. 


4-11. If the 3495A fails any of the performance tests, refer 
to Section VII for troubleshooting information. Shorted, 


open, or resistive relays will cause failures in the 9825A 
based performance tests. 


NOTE 


A shorted or out-of-sequence relay may cause 
test failures on a series of channels. If a test 
does indicate a series of faults, check the last 
good channel as well as the faulty ones. 


4-12. SWITCHING TIME TEST. 
4-13. Specifications. 


4-13(a). The following specifications are verified in this 


test: 
*s** Opt 001&003 Opt 002 Opt 004&005 


< 10 msec < 40 msec <1 msec 


4-14. Description. 


4-15. This test verifies that the 3495A Scanner can switch 
channels within the specified time. Some theory behind this 
test may help. In general, the test incrementally stepschan- 
nels through a 20-to-1 or a 10-to-1 voltage divider at the 
maximum switching rate of the option storing the measure- 
ments on each channel. The test requires an option 100 
control board to provide the specified incrementation 
speed. A fast sampling voltmeter (-hp- 3437A) is required 
to take the measurements and provide increment pulses 
(delay out). The controller requires some form of fast data 
storage equivalent to the switching rate being tested. An 
-hp- 9825A Calculator using a type 3 high speed I/O buffer 
is the recommended controller for this test. 


4-16. Test Procedure. 
EQUIPMENT REQUIRED: 


3495A Option 100/Accessory 44413A 

Calculator (-hp- 9825A w/General & Extended 
I/O ROM’s) 

Digital Voltmeter (-hp- 3437A) 

HP—IB Card (-hp- 98034A) 

10 or 20 1/8 watt, 1 K +1% resistors (-hp- 0757-0280) 

DPDT switch (1) (-hp- 3101-1235) 


a. Connect the test setup as shown in Figure 4-2. 
b. Wire the divider network as shown in Figure 4-1. 


c. Cycle through the channels to be tested at the spec- 
ified switching speed and store the measurements. 
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Figure 4-1. Switching Time And Thermal Offset Voltage Test Wiring Diagrams. 
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The dc supply should be adjusted as follows: 


Options 001, 002, & 003: 10 V 
Options 004 & 005: 20 V 


d. Review the stored measurements and determine if 
they are within error limitations for the divider. Faulty 
relays will generally give near ground or out-of-sequence 
measurements. 


4-17. The 9825A sample program shown in Figure 4-3 can 
be used to test switching time performance of all 3495A 
options. It is necessary to initialize a few user dependent 
variables first: 

O—Option to be tested (1 through 5) 

A—Option close address (20, 40, etc.) 


Line 18 has been left blank to include an optional prt 
V[I] statement for viewing channel measurements. 


RELAY 
SELECT 
SWITCH 


| | DVM 
-hp- 3437A 
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4-18. THERMAL OFFSET VOLTAGE TEST. 
4-19. Specifications. 


4-19(a). The following specifications are verified in this 
test: 


Opt 001&003 Opt 002 
<2uV < 30 uV 


Opt 004&005 
<1 pv 


4-20. Description. 


4-21. This test verifies that the thermal offset voltage 
between terminals is within the specified range. The chan- 
nels are terminated in a short for this test. Low thermal 
channel measurements are made at the common terminals. 
Actuator channel measurements are made on the individual 
channel to be tested. 


DC POWER SUPPLY 
-hp- 6217A 


REFER TO FIGURE 4-1 
FOR WIRING DIAGRAMS 


V 


SCANNER 


-hp- 3495A 
W/OPTION 100 


HP—1IB CARD 
-hp- 98034A 


[SSSA REFER TO FIGURE 4-3 FOR 


SAMPLE 9825A PROGRAM 


CALCULATOR 


-hp- 9825A 


Figure 4-2. Switching Time Test Setup. 
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Figure 4-3. Sample 9825A Switching Time Test. 


4-22. Test Procedure. 


EQUIPMENT REQUIRED. 


3495A Option 100/Accessory 44413A 
DC Null Voltmeter (-hp- 419A) 


a. Connect the test setup as shown in Figure 4-4. The 
connector wiring in Figure 4-1 can be used for this test also. 


b. Place a shorting strap directly across the DC NULL 
VOLTMETER inputs. 


c. Zero the DC NULL VOLTMETER on the 3 micro- 
volt range. 


d. Increment the SCANNER to the channel to be 
tested. 


e. Remove the shorting strap from the DC NULL 
VOLTMETER. 


f. Record the measurement on the performance test 
card at the end of this section. 


g. Repeat Steps b through f for all channels to be 
tested. The actuator channel measurements require rewiring 
the connector for each channel measured, unless common 
connections are wired as in Figure 4-1. 
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4-23. CHANNEL ISOLATION TEST. 
4-24. Specifications. 


4-24(a). The following specifications are verified in this 


test: 
S“Opt 001&003 Opt 004&005 
>10!° >107 2 


NOTE 


These are strictly resistive quantities. 


4-25. Description. 


4-26. This test verifies that the isolation resistance on 
option channels is within the specified range. The test 
requires a high resistance meter since > 10'° or > 10’ ohm 
measurements are expected. There are three isolation resis- 
tances which can be tested. They are: 


High-to-Low 
High-to-Guard 
Low-to-Guard 


as determined by the Select Switches S1 and S2 in Figure 
4-6. 


Model 3495A 


REFER TO FIGURE 4-1 
FOR WIRING DIAGRAMS 


Vy 


SCANNER 


CHANNEL 
-hp- 3495A 


Section IV 


DC NULL VOLTMETER 
-hp- 419A 


INCREMENT 
SWITCH 
oOo“ 
q| EXT i ess5 


J 


Figure 4-4. Thermal Offset Voltage Setup. 


4-27. Test Procedure. 


EQUIPMENT REQUIRED: 


3495A Option 100/Accessory 44413A 
Digital Multimeter (-hp- 3455A) 

High Resistance Meter (-hp- 4329A) 
DPDT Switch (2) (-hp- 3101-1235) 


a. Connect the test setup as shown in Figure 4-6. Use 
the proper value for Rg as shown in Table 4-2. 


(e) 


HIGH C 


LOWC 


TO SELECT SWITCHES 
S1&S2 


A14 
OPTION 001 


b. Wire the Option Connector as shown in Figure 4-S. 
c. Install the connector into the scanner. 


d. Increment the scanner to the channel you wish to 
test. 


e. Set the high resistance meter controls as follows: 


PUNC TION ie sete setae Ss RESISTANCE 


lelelelelefelolele efelololelolololore) 


oa Te wf 


1B 
OSS565655O565555565), 


i 


yJCCCSOSoSoO SOCSGoSoO), 


TIT {TE “peg 
LT} 


=m 3 fT 


TO SELECT SWITCHES 
$1 &S2 


A45 & A46 
OPTIONS 004 & 005 


Figure 4-5. Channel Isolation Test Wiring Diagrams. 
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REFER TO FIGURE 45 
FOR WIRING DIAGRAMS 


y 


EXTERNAL aorann 
INCREMENT shp- 349 
SWITCH 


LOW THERMAL 
CONNECTIONS 


Model 3495A 


J3OOQOoo 4 


Ged al) tect 9 


[e) 


eo eee ie fe et Yet 
patie eer are |e ee ee! Cle ire ne Foe! feet 


Figure 4-6. Channel Isolation Test Setup. 


MODES orcas aa ois wean DISCHARGE 
TEST VOLTAGE | o5c5e0<« ax 25 VOLTS 
RANGE. 6 10 se ee wdices X10'° Option 002 


X10’ Others 


f. Select the isolation you wish to test with switches S1 
and S82. 


g. After the high resistance meter has stabilized, set the 
mode switch to charge. 


h. Allow several seconds for the meter circuitry to 
charge. Then set the mode switch to measure. 


i. Record the isolation resistance on the performance 
test card at the rear of this section. 
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j. Repeat Steps d through i for each isolation you wish 
to test. 


k. Repeat Steps d through j for each channel you wish 
to test. 


4-28. CAPACITANCE TEST. 
4-29. Specifications. 


4-29(a). The following specifications are verified in this 
test: 


Opt 001 Opt002 Opt 004 
High-to-Low Channel 
Capacitance 
Open: <15pF <15pF <350pF 
Closed: <15pF <25pF <400pF 
Interchannel Capaci <12pF <12pF < 10pF 
tance 
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4-30. Description. EQUIPMENT REQUIRED: 
3495A Option 100/Accessory 44413A 
& 4-31. This test verifies that the high-to-low or “A”’-to-““B”’ R LC Meter (-hp- 4271B) 


capacitances and interchannel capacitances are below the 
specified values. Channels can be closed by an external 
increment input closure to ground. A momentary contact a. Connect the test setup as shown in Figure 4-8. Allow 
switch can serve to make these closures. Low thermal mea- the RLC meter 1 hour warmup time before proceeding. 
surements are made from the connector COMMON termi- 
nals. Actuator channel measurements are made on individu- 


w/16032A Test Lead Accessory 


b. Before connecting the test leads (twisted pair and 


al channels. Interchannel capacitances are made from chan- guard) to the scanner connector, set the R LC METER as 
nel input terminals. follows and then zero the meter. 
FUNCTION cess ee cele cee en C-—G 
RANGE Cec lcemrs seo: AUTO 
N eee ew 
om SIG: VEV Elbe acest ore eres HIGH 
: TRIGGER? 2 ceive anes INT 
The suggested ELC meter:requires.aione hour — ere es ee 
au RADE Se cvcet v4 FULLY CLOCKWISE (Max) 
Zeroing the meter eliminates the effects of the inherent 
4-32. Test Procedure. test lead capacitance. 
Ee TERMINALS TERMINALS 
TS23A TS23B (e Ts23c TS23D 
LOW O -> <<: LOW _ COM. 
Low | => , GUARD 


HIGH 4 = @ GUARD 


Low 4 = > GUARD 


A23 
OPTION 


002 


(SHOWN FOR 
CHANNEL 9 
CAPACITANCE 
MEASUREMENT) 


lem 
© TTT TTT TTT TTTTTTR 


ISPSOSSOSOSSCSSSGG5565550) 


6 
0 


Pl fe 
OSSSSGSGOS6S65565655655 


See tals ee eet 


SSOSOSDOSOSSSSSOGG) 


ie oa a 


TL 
| GUARD 
= —— Low 
TWISTED PAIR 
ual 1 


HIGH 


Figure 4-7. Capacitance Test Wiring Diagrams. 
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c. Connect the twisted pair to high common and low 
common on the connector or to “A” and “B” of the 
Option 002 channel you wish to test. Connect the test lead 
terminal shield to guard common on the connector. 


d. Install the connector into the SCANNER. 
e. Increment the scanner to the channel you wish to 


test. The worst-case channels are listed below and on the 
Performance Test Card. 


Option OOM ease ees ee eer 4,9 
Option O02monwraacmter corre 0,9,1,8 
Option OO4 re nc c1c o ietia eee 3.7, 11,15, 19 


Since the channel capacitances are physically determined, 
measurements on these channels should be conclusive. 


f. Record the measured capacitance on the performance 
test card at the rear of this section. 


g. Repeat Steps e and f for all channels to be tested. 
Interchannel capacitances are made between channel input 
terminals with one (low thermal options) or both (actuator 
option) channel(s) closed. 


4-33. FREQUENCY RESPONSE TEST. 
4-34. Specifications. 


4-34(a). The following specifications are verified in this 
test: 
Frequency Response (10 kHz reference, 50 ohm load) 


Option 001: Up to 100 kHz: + 0.3 dB 
Up to 1 MHz: + 0.5 dB 


Option 002: Up to 100 kHz: + 0.3 dB 
Up to 1 MHz: + 0.5 dB 


REFER TO FIGURE 4-7 
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Option 004: Up to 1 MHz: + 0.20 dB 
4-35. Description. 


4-36. This test verifies that the scanner’s frequency 
response is within the specified range. Channels can be 
closed by an external increment input closure to ground. A 
momentary contact switch can serve to make these 
closures. Low thermal measurements are made from the 
connector COMMON terminals. Actuator channel measure- 
ments are made on individual channels. Worst-case channels 
for this test are: 


Option: 00) syemeta oe ee ee 9,4 
Option(002: 2.23.2 8 oes 0,9 
OptionO04y cies saree eg ean lea espa Is, 


Measurements on these channels should be conclusive. 
4-37. Test Procedure. 


EQUIPMENT REQUIRED: 


3495A Option 100/Accessory 44413A 
Test Oscillator (-hp- 652A) 

Digital Multimeter (-hn- 34554) 

50 ohm Termination (-hp- 11048C) 
BNC-BNC Cable (2) (-hp- 11170A) 
BNC-Banana Adapter (-hp- 1251-2277) 


a. Connect the test setup as shown in Figure 4-10. Do 
not wire the connector at this time. 


b. Set the Test Oscillator controls as follows: 


RANGES ec spe case ns eeu & X1K } 10 kHz 
WVIERINTE RG. Fe oicsistaee (oss euaren ciel ve coens 10 ? Frequency 
OUTPUT ATTENUATOR. . .. .3.0 volts 


R,L,C METER 
hp- 4271B 


FOR WIRING DIAGRAMS 


SCANNER 
-hp- 3495A 


EXTERNAL 
INCREMENT 


SWITCH 
d| 


a ae 


SHIELD 


Figure 4-8. Capacitance Test Setup. 
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A 8 
TERMINALS TERMINALS 
kre FT —o——F 
6 n TS23a TS23B8 TS23c TS23D0 


CHANNEL 


i 


HIGH @ = + IIGH com 


LOW @ -= 2 —_— LOW COM. 
HIGH | <<. GUARD COM 


LOW | = 


HIGH 2 —= 


Low 2 = —@ GUARD 


Q/P|O|S]O|O]® 


G 


HIGH 3 > GUARD 


8 
a) 


LOW 3 -=> —@ GUARD 


HIGH 4 > GUARD 


o @®nN oF Bw nw — 


Low 4 > —@> GUARD 


als 


FROM 


ON 
TEST FROM 3495A-8-3924 
OSCILLATOR TEST 


OSCILLATOR 
A14 A23 
OPTION 001 OPTION 002 
(CHANNEL 4 (CHANNEL 9 
MEASUREMENT MEASUREMENT 
SHOWN) SHOWN) 


ay eas = 
@ @ 
- gm 


‘ [PSSOSSSSS9695S9595S5 


en a a i ll 


(0560565665 OCOSOGOCSCO), 
° 9 


FROM 
TEST 
OSCILLATOR 


OPTION 004 
(CHANNEL 3 
MEASUREMENT 
SHOWN) 


Figure 4-9. Frequency Response Test Wiring Diagrams. 


c. Set the DMM controls as follows: the channel to be tested. Refer to Figure 4-9 for repre- 
sentative wiring. 
RANG Een anita arenes eee AUTO 
(for auto-ranging DMM’s) g. Install the connector into the SCANNER. 
FUNCTION: 4 pees feat ode eeu. ACV 
WRIGGER een ssicisee ee erence INTERNAL h. Increment the scanner to the channel to be tested. 
AU LOMGAT Ye tetsu oe steerer ON Worst-case channel measurements should be adequate. 
GUARD 2 ae eo nels DEPRESSED 
(Guard to Low Connection) i. Record the 10 kHz reference value, VREF, on the 
performance test card at the end of this section. This 
measurement is required for each channel to be tested, 
d. Connect the Test Oscillator 50 ohm output to the therefore, you may wish to take this measurement on all of 
DMM via a 50 ohm feedthrough termination (-hp- 11048C). them now. 
j. Reset the Test Oscillator controls as follows: 
e. Adjust the test oscillator output to a DMM reading of 
e 3.0000 volts. RAING Boe ageanquerseeeenene Oates X 10 } 100 Hz 
VERNIE Re. es co ss to ee 10 ) Frequency 
f. Wire the option connector to the input terminals of OUTPUT ATTENUATOR..... 3.0 volts 
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TEST OSCILLATOR 
‘Ap: 652A 


REFER TO FIGURES 4-9 AND 
4.11 FOR WIRING DIAGRAMS 


11170A 


SCANNER 
hp 34954 


Model 3495A 


DMM 
hp- 3455A 


BNC TO 


averonore (M) BANANA 


Pr ee ee Joe Fae | 
ze tee Cae es Tee Ba) 


pee Some Cn Ga J a ee Ve (ae lta! 


50 2 TERMINATION 
hp- 11048C 


q&a 1+ 


(CONNECT TEST 
OSCILLATOR FOR 
REFERENCE 
ADJUSTMENTS) 


Figure 4-10. Frequency Response Test Setup. 


Table 4-2. V/VReF Test Limits. 


Upper 
Option 004 


V/VREF Limits Lower — 
Option 001 Option 002 


Frequency 
(Hz) 
.9660 — 1.0351 .9660 — 1.0351 
Reference 
.9660 — 1.0351 
.9660 — 1.0351 
9440 — 1.0593 


-9440 — 1.0593 


NOTE: Bold vulues can be used as an abbreviated test. 


9772 — 1.0233 
Reference 
9772 — 1.0233 
9772 — 1.0233 
9772 — 1.0233 
-9772 — 1.0233 


Reference 
.9660 — 1.0351 
.9660 — 1.0351 
.9440 — 1.0593 
-9440 — 1.0593 


k. Connect the test oscillator 50 ohm output to the 
DMM via a 50 ohm feedthrough termination (disconnect 
from Scanner). 


1. Adjust the test oscillator output for a DMM reading 
of 3.0000 volts. 


m. Reconnect the test oscillator to the scanner as 
shown in Figure 4-10. 


n. Record the DMM reading, V, on the Performance 
Test Card at the end of this section. 


o. Verify that the ration V/VREF is within the limits 
shown in Table 4-2. 


NOTE 


It is necessary to adjust the Test Oscillator back 
to 3.0000 volts after each change of frequency. 
This occurs twice per channel measurement. 


p. Repeat Steps b through o for each channel to be 
tested, adjusting the test oscillator frequency in Step J to 
the values listed in Table 4-2. 


4-38. AUTOMATING THE TEST PROCESS. 


4-39. Because of the repetitive nature of testing scanner 
channel performance, the test process is easily automated. 
An HP—IB test system can be developed around equipment 
such as that listed in Table 4-3. Such a system reduces the 
quantity of wiring and measurement recording which was 
necessary in the manual procedures, although requiring 
somewhat more elaborate equipment. 


Table 4-3. Suggested Test System Equipment. 


Reading Rate: 


Delay Output 
HP—IB Compatible 


To 1 MHz 
HP—IB Compatible 


Network Analyzer 
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Suggerted ho Wodel 
Calculator HP—1IB Controller Capability 9825A 
High-Speed |/O 21 msec/measurement 
DVM 


Options 0018 003: <10 msec 
Option 002: <40 msec 
Options 004 & 005: <1 msec 


Automatic Synthesizer To 1 MHz 3330B 
HP—IB Compatible 


Dual Channel: Reference&Test 


3437A 


3570A 


PERFORMANCE TEST CARD 


Hewlett-Packard Model 3495A Test Performed By 


& ae ie Ce) | Date eS 


[option [options [omtion: | Opvons 


Pass 


Specification 


Switching Time Option 001: <10 ms Pass Pass Pass 


Option 002: Fail Fail Fail Fail 


Option 003: 


Faulty 
Channels 


Faulty 
Channels 


Faulty 
Channels 


Faulty 
Channels 


Option 004: 
Option 005: 


PERFORMANCE TEST CARD (Cont'd) 


Thermal Offset 
Voltage 


Option 001: <2 yuV 


Option 002 
Option 003 
Option 004 
Option 005 


PERFORMANCE TEST CARD (Cont'd) 


. | = 


Option 001: > 10!° a 


Option 003: >10!° a 


Option004: >107 2 


Option005: >10’ Q 


PERFORMANCE TEST CARD (Cont'd) 


Test Results 


Capacitance High-to-Low 
or 
“A" to-"B" Capacitance 


Opt 001 Opt 002 Opt 004 
Open: <15pF <15pF < 350 pF 


Closed: <15pF <25pF < 400 pF 


Interchannel Capacitance 
Inter- Inter- Inter- Inter- 
Opt 001 Opt 002 Opt 004 Channel Channel Channel Channel 


<12pF <12pF < 10 pF H-to-H H-to-H H-to-H H-to-H 
or or or or 
-- A-to-A A-to-A A-to-A A-to-A 


Worst Case Channels 


"High" to “Low” 


Option 001: 9*, 4* 


Option 004: 3*,7*,11*,15*,19* 
“A" to “UB” 


Option 002: 0*, 9* 


“Interchannel”’ 


Option 001: 
4*-to-3 
9*-to-8 


Option 002: 
O*-to-1* 
9*-to-8* 


Option 004: 
3*-to-2 
7*-t0-6 
11*-to-10 
15*to-14 
19*-to-18 


* Closed For Measurement 


PERFORMANCE TEST CARD (Cont'd) 


Frequency Response | OPTION 001 Channel Ratio|Channel Ratio|Channel Ratio|Channel Ratio 


(10 kHz Reference, 
50 Q Load) 


Up to 100 kHz: + .3dB ess eee ee eee ees Se Gee eee 
Up to 1 MHz: + .56dB PS) a ee 
OPTION 002 ——e | ee ee ee SS 
Up to 100 kHz: + .3dB ee ee 
Up to 1 MHz: + .5dB 


OPTION 004 


Up to 1 MHz: + .2dB 


Worst Case Channels 
Option 001:9,4 
Option 002: 0,9 
Option 004: 3,7,11,15,19 
Test Limits (V/Vper Ratio) 
OPTION 001 


Freq (Hz) Lower—Upper 


100 .9660 — 1.0351 
10K Reference 

50K .9660 — 1.0351 
100 K .9660 — 1.0351 
500 K 9440 — 1.0593 
1M 9440 — 1.0593 


OPTION 002 


Freq (Hz) Lower — Upper 


100 .9660 — 1.0351 
10K Reference 

50K .9660 — 1.0351 
100 K .9660 — 1.0351 
500 K 9440 — 1.0593 
4M 9440 — 1.0593 


OPTION 004 


Freq (Hz) Lower — Upper 


100 9772 — 1.0233 
10K Reference 

50K 9772 — 1.0233 
100 K 9772 — 1.0233 
500 K 9772 — 1.0233 
1M 9772 — 1.0233 


Maintenance described herein is performed 
with power supplied to the instrument, and pro- 
tective covers removed. Such maintenance 
should be performed only by service-trained 
personnel who are aware of the hazards in- 
volved (for example, fire and electrical shock). 
Where maintenance can be performed without 
power applied, the power should be removed. 
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SECTION V 
ADJUSTMENTS 


5-1. POWER SUPPLY ADJUSTMENT. 


5-2. Only one adjustment is required on the 3495A, the 


+5 V Power Supply Adjustment. Use the following proce- 
dure: 


a. Remove the 3495A top cover by turning the screw at 
the rear and pulling rearward on the cover. 


Al COMPONENTS 


eo ee 


b. Connect a voltmeter across the + 5 and GND pins on 
the A2 assembly. See Figure 7-A-2 in Service Group A for 
the location of A2 and the two pins. 


c. Adjust A2R1 to give a reading on the voltmeter of 
+5 V + 3%. This adjustment screw is shown in Figure 5-1. 


d. Remove the voltmeter and replace the 3495A top 
cover. 


Figure 5-1. Five (5) Volt Adjustment. 


5-1/5-2 
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SECTION VI 
REPLACEABLE ASSEMBLIES 


6-1. INTRODUCTION. 


6-2. This section contains information for ordering replace- 
ment assemblies. Table 6-3 lists the assemblies in alpha- 
meric order of their reference designators. 


6-3. Replaceable Parts. 


6-4. Tables containing the following information on 
replaceable parts for each assembly are listed in the Service 
Group where the assembly is found. 


a. -hp- Part Number. 


b. Total quantity used in the instrument (Qty column). 
The total quantity of a part is given the first time the part 
number appears. 


c. Description of the part. (See Table 6-1 for abbrevia- 
tions.) 

d. Typical manufacturer of the part is a five-digit code. 
(See Table 6-2 for list of manufacturers.) 


e. Manufacturers part number. 


6-5. ORDERING INFORMATION. 


6-6. To obtain replacement assemblies or parts, address 
your order or inquiry to the nearest Hewlett-Packard Sales 
and Service Office. Identify assemblies and parts by their 
-hp- Part Numbers. Include the instrument model and serial 
number. 


6-7. Non-Listed Parts. 


6-8. To obtain a part that is not listed in the service groups, 
include: 


Instrument model number. 
Instrument serial number. 
Description of the part. 

d. Function and location of the part. 


ese 


Table 6-1. Standard Abbreviations. 


Giscats Pacounre taleonie eiat etames carer ete ses eer e silver Hz.............. hertz (cycle(s) per second) 
aluminum 
ampere(s) ID! .6 oscckncnnctn ann aes inside diameter 
SGbee efeesbra\a\el bracers asa ieiete) Sele re (ale Nen Stace oe gold . impregnated 


incandescent 


sibcate Sang-ate’s im stahaiar sls aisisenss Spats bike capacitor insulation(ed) 
re ceramic 
Vata eavot ne os coefficient kQ................ kilohm(s) = 10+3 ohms 
Ee RNase eS common kHz................ kilohertz = 10+3 hertz 
composition 
SiG sh8ehetn ¥/bH4 Wa ave cal mreiecnlehea| GONMOCTIOM, ese shares. srate.nie'srajaisrels eis wiais\srsinisia nas MOUCEON 
lin. linear taper 
NOG iiiei avin ye wratersig eiaversid cee logarithmic taper 
. .. double-pole double-throw 
DEST: aisaisiae wore ex double-pole single-throw MA .......... milliampere(s) = 10°3 amperes 
MIE calesterc sears megahertz = 10+6 hertz 
Sy Oe hadi ores tte lutieraien omnes electrolytic MQ.... . s+. .megohm(s) - 10+6 ohms 
encapsulated MCt PIM: 06:5 is deg coe ne teleae vee wd metal film 
mfr manufacturer 
ms millisecond 
TACED his fa tioct ara evans intense sana eceus rer’ moynting 
DW! cise trerasue Wire arly millivolt(s) = 10°° volts 
Pie Sova x eel ince eostbiacne asp cee erie microfarad(s) 
ayaa orateve i ORE VIR eeiy is paar gallium arsenide Js ... se eeeeeeees + sMicrosecond(s) 
gigahertz = 10+9 hertz MV.... ee. eee microvolt(s) = 10°6 volts 
aroptcijasenuia essai ae vee guard(ed) MY 2.2... es eee eee eee eee ee Mylar(R) 
clan viaupraae' Riana ki Wayevay a ince/aha tesa ts] germanium 
ai dun sfeueiseerntalb aeelW rey ISTE /a ecOs ground(ed) nA...........manoampere(s) = 10°9 amperes 
NC. normally closed 
Mhisiecsieve. scesatary elatsnyeavere svera bre igre oe henrylies), (N@s6 3s caiman wades tes debs omnes neon 
AQ: iececaraypinters wiara y\ sie: saslsicperaest mare ei oly mercuty UNO! setanayite dace crsecsiem e normally open 


ABBREVIATIONS 


PRP Oe yincace oitin vinrsetereceen Mogative positive sera: 0b 5 ays. s 7s. cte. x50 75 <inseinis, bate aes, ale pinto) ayor aor slide 
(zero temperature coefficient) single-pole double-throw 
NG oe Sevcieeies aces nanosecond(s) = 10°9 seconds SPST ............55 single-pole single-throw 
ABE eisgiae area ea ceels not separately replaceable 
maar ais “aes le ini4,6 ae shies esa fa lake eae) OF tantalum 
sfaisisiielntn iaharealelwie)shuiawisleteiaaisieqers ohm(s) temperature coefficient 
order by description i Rcavayela wien fe dtalaca aia care Peale titanium dioxide 
nila ale ataaas ase azelin eioha sis, aya outside diameter a ake aiavahsieihierwveia ole.s.cle alaia\eiauie COOUNG 
apsialata\Riatyalejapaternve/etey cesar tolerance 
BP sina, Sine wie esata ayaa wee Gora eisieieyw eloieieis vimie peak MEIN) fete ce sirens cya etnies’ eheracaya! se slersysjnre Teme trimmer 
BUA oe rssatetaiss) lane, iabiw enw lassteracaretansta picosmpere(s)’ “TSTR: esis an sepemeccis nvieswoe ces transistor 
PGs os iahioraterrerein sara hiesatuetece printed circuit 
Bibeaoscwnancaatere picoterad(s);10:'2 farads! Non sci on acineainesiee use eornsaneed volt(s) 
PNW ata ster leratucve rai siajasa/eisiers peak inverse voltage vacw . . alternating current working voltage 
UOT cicpojaietsia area ciaien mitohei eiaatieaeis tere PORE OF VOR a ci aiave cuss riya are wruvapersnieye aie tava eid variable 
GOS Ee. reroute aa tea ioceelo amt aine position(s) vdew......... 
POW? sexta je wes once be eres oa ne polystyrene 
pot : potentiometer W . . watt(s) 
p-p . peak-to-peak w/. expre ielomeietens'e\sinioin with 
ppm arts per million wiv ............00- 
prec . -precision (temperature coeffient, W/O ....... 0... cece eee cee eee eee 
long term stability and/or tolerance) WW ......... 000 ce eee eee eee wirewound 


eee RICANS optimum value selected at factory, 
average value shown (part may be omitted) 
Wa weiner no standard type number assigned 
selected or special type 


® Dupont de Nemours 


DECIMAL MULTIPLIERS 


Multiplier 


Prefix 


STEALS eae eS capacitor 
STO aa fein. SANT TAe: Wa wire 5e.aiC6 Ws diode 


misc electronic part 


plug 


STD-B-2734 


terminal strip 
Side ath ates PuM EMRE Warne wren ee microcircuit 


WE sai eca biesa:e alm SyalacsceysVeteceTs fats] aus vetnte/stFta cable 
Misiravece Wee wers iets Wee eieiaramu ness ats ateatete socket 
MOS) Gita soto capes aise oateas & lampholder 
2.4 LAMAR eI OC TINE ROE EO ar fuseholder 
A MORRO ASA RSE CEN WA thermocouple Y... ++. crystal 
FUP Stays ates wears Svein lease ce of iaceie, SUS TSE POINT Ze oeiacre scare aiaiate om . network 
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Table 6-2. Code List of Manufacturers. 


U.S.A. Common 
Amp Inc 
Allen Bradley Co. 


Texas Instr. Inc. Semicond. Cmpnt. Div. 


Motorola Semiconductor Products 
Amatom Elec. Hardware Div. of Mite 
Fairchild Semiconductor Div. 
Corning GI. Wk. Elec. Cmpnt. Div. 
Berg Electronic Inc. 

Corning Glassworks 

National Semiconductor Corp. 
Molex Products Co. 
Hewlett-Packard Co. Corporate HO 
Bourns Inc. Trimpot Prod. Div. 
Sprague Electric Co. 

Thomas & Betts Co. THE 

TRW Elek Components Cinch Div. 
TRW Inc. Philadelphia Div. 
Mallory Capacitor Co. 


Any Supplier of U.S.A. 
Harrisburg, PA 17105 
Milwaukee, WI 53212 
Dallas, TX 75231 

Phoenix, AZ 85008 

New Rochelle, NY 10802 
Mountain View, CA 94040 
Raleigh, NC 27604 
Cumberland, PA 17070 
Bradford, PA 16701 

Santa Clara, CA 95051 
Downers Grove, IL 60515 
Palo Alto, CA 94304 
Riverside, CA 92507 
North Adams, MA 01247 
Elizabeth, NJ 07207 

Elk Grove Village, 1L 60007 
Philadelphia, PA 19108 
Indianapolis, IN 46206 


Table 6-3. Replaceable Assemblies. 


03495-66501 
03495-66524 
03495-66503 
03495-66504 
03495-66507 
None 


03495-66505 
03495-66510 
None 

03495-64101 
03495-64103 


03495-66506 
03495-66520 
03495-66521 


None 


03495-66505 
03495-66540 
03495-66525 
03495-66541 
03495-66542 
03495-64114 
03495-64115 


a 03495-66508 Fast Controller Assy: Option 100 (Replaces A4) 


*These assemblies are not available individually. 


Mother Bd. Assy: Standard 

PC Assy: Standard 

Connector Assy: Standard 
Interface and Control: Standard 
Extender Assy: Standard 
Chassis: Standard 


Low Thermal Display: Options 001&003 

Low Thermal Logic Assy: Options 001&003 
Low Thermal Channel Assy: Options 001&003 
Low Thermal Terminal Assy: Option 001 
Reference Connector Assy: Option 003 


Actuator Display Assy: Option 002 
Actuator Logic Assy: Option 002 
Actuator Terminal Assy: Option 002 
Actuator Channel Assy: Option 002 


Low Thermal Display: Options 004&005 
Duo-Decade Logic Assy: Options 004&005 
Duo-Decade Channel Assy: Options 004&005 
Duo-Decade Coil Assy :Options 0048005 
Duo-Decade Reed Assy: Options 0048005 
Duo-Decade Terminal Assy: Option 004 
Duo-Decade Reference Connector Assy: Option 005 
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These servicing instructions are for use by trained service 
personnel only. To avoid electrical shock, do not perform 
any servicing other than that contained in the operating 
instructions unless you are qualified to do so. 
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SECTION VII 
SERVICE 


7-1. THE SERVICE GROUP CONCEPT. 


7-2. This section of the manual is organized to streamline 
service procedures on the 3495A Scanner. The material is 
divided into service “‘Groups”’. Each Service Group contains 
the following information: 


a. Cover Page — Describes which options and assemblies 
are covered in the Service Group. This page is illustrated 
with a block diagram showing the assembly functions. 


b. Introduction — Describes and outlines the Service 
Group. 


c. Theory — Describes the Theory of Operation of all 
assemblies in the Service Group. 


d. Troubleshooting — Includes checks and conceptual 
troubleshooting when flowcharts are not practical. 


e. Service Material — Each schematic is preceded by: 


1. Block Diagram 

2. Troubleshooting Tree 
3. Replaceable Parts List 
4. Component Locator 


7-3. All necessary information for servicing a particular 
service group is located in the Service Group. If a revision is 
made to any part of a Service Group, the entire service 
group is revised and the old service group can be used as 
backdating material. 


7-4. SAFETY. 


7-5. Take extreme care when servicing the 3495A terminal 
connectors when using channels for power control or when 
connected to potentially live circuits. 


Remove power from all external circuits con- 
nected to the 3495A terminal connectors 
before beginning any service routines. We also 
suggest disconnecting the channel wires from 
the connector, regardless of the external cir- 
cuitry capabilities. 


7-6. RECOMMENDED SERVICE EQUIPMENT. 


7-7. Table 7-1 lists the recommended service equipment for 
the 3495A and all options. 


Table 7-1. Recommended Service Equipment. 


1 Duo-Decade Options Only 
*Option 100 only 


Critical Specifications Recommended Model 


Digital Voltmeter Reading Rate = 1000 readings/sec! -hp- Model 3437A! or -hp- Model 3466A 


HP—1IB Controller Capability -hp- Model 9825A with General and 
Extended 1/O ROM 
HP—IB Connector Beek] -hp- Model 98034A HP—IB Card 


Signature Analyzer* | SA Compatible -hp- Model 5004A Signature Analyzer 


7-1 
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7-8. PRELIMINARY TROUBLESHOOTING. 


7-9. Before beginning an in-depth service procedure, check 
the scanner assemblies for visual signs of trouble. These 
include burnt or loose components, loose or broken con- 
nectors, and possible shorted or open conductors. A prelim- 
inary check sheet is in Table 7-2. 


NOTE 


Pay particular attention to loose or bent pins 
on terminal channel assembly connectors which 
require frequent installation and removal. 


Table 7-2. Preliminary Check Sheet. 
Did You... 
. Check power fuse, switches, and cord? 
. Check power supply and adjust if necessary? 


. Clean and check option connectors? 


. Cycle through relays to check for opens or 
shorts? 


. Observe the three-hour thermal settling time 
for temperature measurements? 


. Observe other specifications or operating 
information? 


7-10. TROUBLESHOOTING TREES. 


7-11. Troubleshooting information for scanner faults 
related to the A4, Al10, A20 and A40 Assemblies is located 
in Service Groups A, B, C, and D respectively. 


7-12. ACCESS FOR SERVICING. 


7-13. Access to most areas of the instrument may be 
gained by removing the top cover. To remove the AS or A6é 
displays, the front panel must be removed by loosening the 
four securing screws on the horizontal tabs behind the 
panel. The location of the securing screws is shown in 
Figure 2-2 in Section II, Installation. A single screw secures 
each display assembly. 


Be sure the line voltage switch is in the OFF 
position when removing or installing scanner 
assemblies. 


7-14. Access to the interface and control assembly can be 
obtained with the use of the extender board (-hp- Part 
Number 03495-66507) supplied with the 3495A. The Inter- 
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face and Control assembly and the existing A3 connector 
must be removed first. The A4 or A8 assembly can be 
removed from the back of the 3495A by removing the two 
screws that secure the assembly to the 3495A Chassis. With 
the A4 or A8 assembly removed, the A3 Connector assem- 
bly can be removed from the top of the scanner. 


7-15. Fit the extender board into the J1A connector and 
install the A4 or A8 Interface and Control assembly onto 
the extender board. The Interface and Control assembly 
can now be easily accessed for servicing and troubleshoot- 
ing procedures. 


7-16. OVERALL TROUBLESHOOTING. 


7-17. If the 3495A Scanner power supplies are operational, 
the remaining apparent 3495A malfunctions can be broken 
down into four general categories: 


a. Listen addressing of the scanner: Service Group A or 
E. 


b. Decade or duo-decade addressing of the scanner: 
Service Groups B, C and D. 


c. Defective relays: Service Group B, C, or D. 


d. Malfunctions elsewhere in the scanner: Appropriate 
Service Group. 


7-18. Malfunctions elsewhere in the scanner are most likely 
the result of poor assembly connections. Look for repeat- 
ability of the malfunction. With a firm knowledge of the 
faults repeatability, malfunctions can easily be isolated 
down to a service group and board. 


7-19. TROUBLESHOOTING AIDS. 
7-20. Service Kit. 


7-21. The 44095A Service Kit is designed to facilitate 
on-site isolation and repair of failures in the -hp- Model 
3495A Scanner with Options 001, 002, or 003. By substi- 
tuting one or more of the six pre-tested PC assemblies in a 
malfunctioning 3495A and running the appropriate diag- 
nostic programs, board level malfunctions can be easily and 
quickly located. The troubleshooting trees preceding each 
schematic can be used to isolate component failures. 


7-22. The Service Kit contains diagnostics for -hp- Model 
9830A/B and 9825A Calculators. An -hp- Model 3490A 
Multimeter and a 9866A/B Printer are also required for 
these programs. For more information on the 44095A 
Service Kit, refer to -hp- Operating Note, Part Number 
44095-90001. 


7-23. RELAY REPLACEMENT. 


7-24. The instructions in Service Groups B and C present a 
step-by-step procedure to replace a decade High/Low, 
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Guard, and/or Actuator relay on the Scanner Relay Board 
assembly. Instructions for replacing duo-decade relays are 
in Service Group D. 


7-25. Signature Analysis. 


7-26. With Option 100, an additional servicing aid is 
included. A signature analysis routine is stored on the A8 
Assembly ROM. More information on SA testing with 
Option 100 is included in Service Group E. 


7-27. Properly installed, accessory/option and a Listen 
address of ‘‘)’”? are assumed throughout this section. Adjust- 
ments are normally not required after scanner servicing. 


7-28. Test Kit: Options 001 Through 003. 


7-29. Two test kits are available as troubleshooting aids for 
isolating resistive or shorted relays. The test kit (44195A) 
can be used to locate faults on decade options (Options 001 
through 003). 


7-30. OPERATIONAL VERIFICATION CHECK:9830A/B 
CALCULATOR (TEN CHANNEL OPTIONS). 


7-31. Description. 


7-32. The Scanner Verification Program selects the DMM 
OHMS function and measures the input resistance of the 
LOW THERMAL or ACTUATOR CHANNELS. This deter- 
mines if each relay in a particular channel does not open or 
does not close. 


7-33. The verification program checks each channel assem- 
bly separately in the Scanner under test. Each relay in the 
channel under test (High, Low, and Guard for the Low 
Thermal assemblies and for actuator assemblies A and B) is 
tested by the Scanner Verification Check. If a defective 
relay is found, the program will print out an error message 
indicating the defective relay channel number and the type 
of defect (resistive or shorted). 


7-34. In the case of a resistive relay, as soon as the defect is 
detected the error message is printed. 


7-35. If one or more relays are shorted, the program will 
automatically load in the Scanner troubleshooting program 
first. This program will instruct the Operator to open cer- 
tain switches on the Scanner Test Fixture until the shorted 
telay(s) is found. The program will then output the error 
message on the printer. Defective relays may be replaced 
easily and simply by following the Scanner Repair pro- 
cedures found in Service Groups B and C of this manual. 


NOTE 


The Verification Check program flowcharts 
may be found in Figures 7-1 and 7-2. 
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7-36. EQUIPMENT REQUIRED. 


7-37. To run the Scanner Verification Check you will need 
the -hp- Model 9830A Calculator, -hp- Model 9866A 
Printer, -hp- Model 3495A Scanner, -hp- Model 3490A 
Option 30 Multimeter, 3495A/9830A Cassette (-hp- Part 
No. 44195-10001), Low Thermal and/or Actuator, Scanner 
Test Fixture (-hp- Part No. 03495-67901 and -hp- Part 
No. 03495-66522, respectively), and the Fixture Cable 
Assembly (-hp- Part No. 03495-61605). 


7-38. Operating Instructions. 


7-39. The Operating Instructions for the Scanner Verifica- 
tion program are divided into three main areas—Equipment 
Setup, Verification Program Instructions, and Trouble- 
shooting Program Instructions. 


a. Equipment Setup. In order to run the Scanner Verifi- 
cation Program, the Low Thermal or Actuator Test Fixture 
and Fixture Cable must be connected to the channel assem- 
bly under test and to the 3490A Multimeter. Refer to the 
steps below for the proper procedure. 


1. Turn the 3490A Multimeter and 3495A Scanner 
Power switches to OFF. 


2. Open the relay access panel on the rear of the 
Scanner by removing the two retaining screws. 


NOTE 


Refer to the Relay Replacement Procedures, 
Service Groups B and C for step-by-step instruc- 
tions on removal of the rear access panel and 
terminal assembly. 


3. Remove the Terminal assembly from the Decade 
Channel assembly located on the far right as 
viewed from the rear of the instrument. 


4. Insert the Test Fixture into the appropriate 
Decade channel assembly. Make sure the Test 
Fixture connector is making a good electrical con- 
nection. 


NOTE 


The Low Thermal assembly Test Fixture is -hp- 
Part No. 03495-67901, the Actuator Assembly 
Test Fixture is -hp- Part No. 03495-66522 and 
the Fixture Cable Assembly is -hp- Part No. 
03495-61605. If you are not sure which assem- 
bly is in the location you have selected, you 
may determine the correct fixture by matching 
the connectors of the Fixture and the Decade 
Channel Assembly. 
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5. Connect the Cinch Connector of the Test Fixture 


Cable (-hp- Part No. 03495-61605) to the Fixture 
and the Plug to the rear of the 3490A Multimeter. 


. Set the 3490A and 3495A POWER switches to ON 


and insert the 3495A/9830A Test Cassette (-hp- 
Part No. 44195-10001) into the Controller cas- 
sette transport. 


b. Verification Program Instructions. 
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1. Before the Verification Program is run you should 


load the Verification Program Instructions onto 
the keyboard. To do this Press: 


| macomxm | 


then 


macomnm | 


(ow) {4 | 


When the tape has stopped moving, press: 


NOTE 


Load the Special Functions routine before 
loading the Scanner Verification Check as 
shown in Step 2. 


The Scanner Verification Program requires the use 


of the Special Function Keys. Load the Special 
Function Key program by pressing: 


(E) 


When the tape has stopped, load the 3495A Scan- 
ner‘Operational Verification Check by pressing: 


LOAD 


£ 
x 
€ 
c 
u 
T 
& 


macomxm 


are) 


. Follow the instructions listed by the printer. The 


3495A Scanner Verification Program and the 
Scanner Troubleshooting program are written for a 
3495A Scanner Listen address of “‘)” and a 3490A 
Multimeter Talk and Listen address of “V” and 
“6” respectively. 
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NOTE 


If the instrument you are checking does not 
have the Talk and Listen addresses noted above, 
check to see if any other instrument has these 
addresses. If not, then change the instrument 
addresses to those indicated above. Refer to 
Section III, Hardware Programming, for instruc- 
tions on how to change the scanner address. 
Where multiple instruments are present in the 
test system, you may want to alter the program 
and store it on a cassette. 


. There are three series of displays or printouts 


where the controller requests a response from the 
operator. The possible responses and a short ex- 
planation of each is listed below. 


(a). Controller Printout: “WHICH REED TEST 
WANTED” 


The Operator may respond with the specific 
test number, then press EXECUTE as shown 
below: 


(Test number) 


TEST: 

1. Low reeds (LOW THERMAL) or A ACTUA- 
TOR) 

2. High reeds (LOW THERMAL) or B (ACTU- 
ATOR) 

3. Guard reeds (LOW THERMAL only) 

Q. Finished testing. 


(b). Controller displays: ““FIRST CHANNEL TO 
BE TESTED?” or “LAST CHANNEL TO BE 
TESTED?” 


The Operator should respond with the specific 
channel number. The assemblies are numbered 
0-9, 10-19, etc. beginning with the far right 
assembly as you look at the rear of the instru- 
ment. The channel number input should be 
limited to those channels available on the 
decade assembly under test. 


(Channel Number) 


macomum 


(c). Controller displays: “ARE MORE CHAN- 
NELS TO BE TESTED?” 


The Operator should respond with 


|| for yes and (0) 


for NO. 


macomxm 


® 
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NOTE 7. Remove the Test Fixture and replace with the 
Answer yes if you desire to continue testing the appropriate Terminal Assembly. 
same decade assembly. 


8. If the Verification Checks for the system are com- 


A complete explanation of all instructions and plete you may want to reload any Special Func- 

Operator response is provided in Table 2-2. tion programs that are not already located on File 

1 of the 3495A/9830A Cassette. The Special 

5. When the 3495A Verification Program has been Function programs supplied with the system were 

completed, insure the tape has been rewound by loaded earlier in the procedure. To load additional 
pressing: = rwna programs, press: 


6. To rerun this Verification Test for the next decade 
assembly, move the Test Fixture to the new 
decade assembly and repeat the Verification ae 


Checks following the Operating instructions. cam { K E | ( y ) | : | 
NOTE LO 
To repeat the Scanner Troubleshooting pro- 
gram for the same decade assembly, just press: File Number 


a 


@ | 


Table 7-3. Controller Instructions and Operator Responses. 


The system is now ready to resume normal opera- 
J tions. 


macomx 


The instructions to the operator begin as soon as RUN EXECUTE has been pressed. Refer to the paragraphs below for a 
discussion of each instruction and the response (if applicable). 


After the header has been printed the 


PROGRAM TESTS 


elsHIGHCOR & 


The Operator must respond with numbers @, 1, 2, or 3 (defined below) then EXECUTE. 
TEST: 1 Low reeds (Low Thermal) or A (ACTUATOR) 
2 High reeds (Low Thermal) or B (ACTUATOR) 
3 Guard reeds (Low Thermal) 
@ finished testing 


NOTE 


The message requesting a specific reed test is printed again after each reed test that is 
completed. 


The input will be tested for a valid number (Q through 3). An incorrect input will cause 
the controller to display: 


INCORRECT INPUT! 


The Controller then prints the Reed Test Message again, It will remain in this loop until a 
valid input is received. 


b. The Controller then instructs the Operator to check the setting of the 10 position switch and continue the program 
operation by printing: 


c. The Operator input identifying a specific reed test will then cause the controller to print one of the three printouts 
shown below. 


PLOW OFF 


ly PEM Gio Ur & 
MT ERECUTE WHEN 
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Table 7-3. Controller Instructions and Operator Responses (Cont’d). 


The printouts identify the reed test selected and proper setting of the 3 positions switch. 


d. When the program has been continued, the controller displays the following messages requesting the first and last 
channel to be tested. LAST CHANNEL TO BE TESTED? FIRST CHANNEL TO BE TESTED? The operator must input a 
channel number between 0 and 79, then press execute after each message. 


NOTE 
If the inputs are not in the specified numerical range or if the first channel number is 
Jarger than the last channel number, the dispiay will be INCORRECT INPUT! and the 


controller will repeat the message. 


Valid inputs will allow a printout of the Channels under test as shown below. 
PUPAL ALES Lows a TAR Let 


e. During the actual testing of each specific channel, the controller will determine if any of the relays in the channels 
under test are shorted or resistive. A successful test would cause the program to printout: 


ce em Bs 
f. If a relay is resistive the program will printout an error message identifying the specific channel containing the relay. 


The program will continue to cycle through each of the channels until all relays have been tested. An example printout is 
shown below. 


as eb Ff TY DP i ol i 
Ae lk eos ds Sk Pe a PL Ess PE es PP Pe de 
NOTE 
/f only resistive relays are identified, skip to Step h. 


g. A shorted relay can be identified through the use of the Scanner Troubleshooting program. If a shorted relay is 
detected during the tests the controller will print: 


THD BAD RELAY. 


. The troubleshooting program is automatically loaded by the Scanner Verification Check. As soon as the Trouble- 

shooting program is loaded the program will print: 
PROGRAM MI 
| aoe PLT Fe 


mL 
EAT MALL 
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Table 7-3. Controller Instructions and Operator Responses (Cont'd). 


2. When the program is continued by the Operator, the controller will retest the channel assembly for a short and 
Print: 


Let ee 


HCN, CY ES ed 
oT FOR 


PTE ) To iF AY 


CM 


The Operator should respond with the switch position (1, 2, or 3 — EXECUTE) of the 3 position switch. This 
allows the program to identify the specific reed test that originated the failure. 


. The program will then ask for the first channel number being tested. This identifies the specific decade assembly 
under test. The printout is shown below: 


HAMEL. TM THE 


NOTE 


The channel numbers are preset at the factory. Beginning at the far right, as you view the 
rear of the instrument, the assemblies are numbered QQ, 19, 20, and 39. 


5. The program, with the assistance of the Operator, will begin to check each channel. The Controller will instruct 
the Operator to open and close switches on the Test Fixture to test each channel separately. An indication of the 
bad channel will be printed as soon as the malfunction occurs. An example of the Controller instructions and the 
error message for each relay type is shown below. 


Printout of Controller Instructions 


HOW LETS FIND & TELA ELOIM IMA T DMC CM RA AE 


RELAY BY SUC 


POSITION SMT 


OPEN SHITCES 1 THROUGH 
F UTE WHEH 


POSITION SWITCH 


18 POSTTION SWITCH 


a con oO i ail +O Le POSITION SHITE 
f: _ . R 


POSITION SWITCH 
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Table 7-3. Controller Instructions and Operator Responses (Cont'd). 


Soll TGr 


SW LT Ch 


SMT TOH 


Printout of Error Messages 


cHFIMNE! 
THEM FF 


BATT CUP PPP CYC Pe a] 


il & 
fe LE fe 
law FT 


END OF PROGRAM 


Fy’ TM CHANNEL 


h. When a reed test is completed, the program will ask if the Operator wishes to continue by displaying: 
ARE MORE CHANNELS TO BE TESTED? 


If the operator responds with a @ EXECUTE (NO) the program will ask which reed test is desired. An input of 1,2, or 3 
would start the test sequence again (see Step a). A @ response (END OF TESTING) would generate a printout indicating 
the successfulness of the Testing and a display of ‘‘END OF TEST”. See the examples below. 


[ob ab 
#eFAILED TEST#es 
NOTE 


A faulty relay(s) (if any) may be replaced following the relay replacement procedure in 
Appendix A of this Manual. 


A response of “1 EXECUTE” (YES) will cause the program to ask for a FIRST and LAST channel number (see Step d). 
OR 
If all of the switches have been opened and the reading from the Scanner still indicates a resistance reading of less than 12 MQ, the 


problem is not in the relays themselves, but in some other portion of the 3495A Scanner or in the 3490A Multimeter. The program 
will print the following display for this case. & 


MTL. OC ES a Fe CEE 


IM OTHER 
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7-40. Definition of Program Variables. 


7-41. Each of the variables used in the Scanner Verification 
Program is defined below. 


C — Channel 

Cl - First channel to be tested 

C2 — Last channel to be tested 

D Reed Test — 1 = Low, 2 = High, 3 = Guard, @ = Finished 
FNMC — DVM Measurement on Channel C 

L FLAG ~— Failed Test 

N FLAG — Reed fails to close (> 1 ohm) 

T FLAG — Title has been printed 

Y FLAG — More channels are to be tested 


7-42. Program Modification. 


7-43. The Verification Program can be modified to test a 
3495A Scanner with a different address than used in the 
original program by changing the Listen addresses. You will 
need your 3495A/9830A Cassette (-hp- Part No. 
44195-10001) and also a blank cassette (-hp- Part No. 
9162-0050). 


NOTE 


It is suggested you store your revised program 
on a cassette for future use. If the cassette is 
initially completely blank, you should mark the 
file lengths that will be required first. Then 
FIND the file before beginning to STORE the 
program. 


7-44. To modify the Verification Program, follow the steps 
below. 


a. Insert the 3495A/9830A Cassette into the cassette 
transport and close the door. 


b. Load the 3495A Verification Check onto the key- 
board by pressing. 
| 
| 


(ScratcH) | 


( -conxn ) 


3 
Then 
fi 
es t 
co (3 ) | é | 
Ly 
Ks 
NOTE 


The Special Key Function programs should also 
be loaded into the keyboard if this has not 
already been done. This may be done by pres- 


sing 
- [ \ { | 
(tiene (KE (v¥}(1)| | 
€ 


Then ws 


, = 
(Rewind) { ENO OF LINE | 
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c. After the tape has stopped press — (wewno) 


d. Obtain a listing of the program by pressing: 


Cust) | 


| 


e. Remove the listing from the printer. 


macomsm 


f. Repeat Steps b through e to obtain a listing for the 
3495A Scanner Troubleshooting Program located on File 5. 


g. Refer to the System Configuration Sheet for the ad- 
dress of the 3495A you are modifying the program for. 


h. Make the changes required to edit the program on 
the printout you just obtained using the information below. 


Line 440 Change the Listen address to the new character 
CMD*“?U)” 
L__. Listen 


Line 1040 Change the Listen address to the new character 
CMD*“?U)” 
L—_ Listen 


3495 A SCANNER TROUBLESHOOTING PROGRAM 
Line 310 


CMD*“?U)” 
L__ Listen 


Change the Listen address to the new character 


Line 700 Change the Listen address to the new character 
CMD*“?U)” 
L— Listen 


i. It will also be necessary to modify the Special Func- 
tion Program. To obtain a listing, press: 


Cast) [su Ck 


j. Remove the listing from the printer. 


k. Make the changes required to edit the program on 
the printout you just obtained using the information below. 


Line 30 Change the Listen address. 
CMD"*?)” 
L—_ Listen 


NOTE 


If the 3490A Multimeter being used to check 
out the Scanner does not have a Talk and 
Listen address of “V” and “6”, Lines 60 and 
110 must also be changed to the new address. 


I. Revise each line of the Verification, Troubleshooting, 
and Special Function programs as indicated below. 
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NOTE 


Since the Troubleshooting and the Special 
Function programs are already in the Keyboard 
memory, revise these programs first, then revise 
the Verification program. Be sure to put the 
controller in Key Mode first, before attempting 
to call up program lines for the Special Func- 
tion program. Key Mode may be entered by 
pressing: 


Geren} CF) 
= Specific Key Number 


1. Using the editing keys, call up each program line 
number and revise each line. 


2. Insert a cassette with blank files available into the 
cassette transport. 


3. Mark the selected file for 1300 words by pressing: 


©6000 I) 
Selected File =e es 


Number 


macom™ 


Then 
OMNAW® OAOOOOX! 


4. Store the revised program on the cassette you just 
marked by pressing: 


macomxm 


| 


~OO 
Selected File No. _tJ 


m. You are now ready to test the desired instrument. 
Simply press: 


macomxm 


NOTE 


Since this is anew program, it will not be listed 
on the Verification Program Instruction Index. 
If you desire to have the Instruction Program 
available in your new cassette, follow the same 
instructions for program editing and store the 
revised program in the selected file number. 


7-45. TROUBLESHOOTING. 


7-46. It is improbable that more than one or two relays 
will be resistive or shorted at the same time. An occurrence 
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of this type usually means that another problem exists. 
Typical problems that may cause this condition are listed 
below. 


a. Poor connection of the edge connector between the 
Decade Assembly and Scanner. To correct this first remove 
the Test Fixture then the Decade Assembly in question. 
Reinsert the assembly. Make sure that it is well seated into 
the Scanner. 


b. Poor connection between the Decade Assembly and 
the Test Fixture. Remove the Test Fixture and reinsert. 


NOTE 


The Actuator assembly is more likely to have 
this condition. 


c. Poor connection between the Test Fixture Plug and 
the female connector on the rear of the 3490A. Check the 
tightening ring on the plug to insure it is turned fully clock- 
wise. The plug may have to be removed and reconnected. 


d. FRONT/REAR input switch on the front panel of 
the 3490A set to FRONT. Set the switch to REAR. 


e. Addressing Wrong Decade. Check to see that the 
Operator input of the channel number during the Verifica- 


tion Check corresponds to the decade under test. 


f. Talk and Listen addresses incorrect. Refer to the 
System Configuration Sheet to insure the address of the 
instruments used in the Verification Check corresponds to 
those used in the program. 


7-47. Operator Troubleshooting. 


7-48. The following paragraphs cover general operator 
troubleshooting hints and procedures for the operator to 
perform when the verification program stops or hangs up 
during execution. The procedures are given in a suggested 
order of performance. 


7-49. Troubleshooting Hints and Procedures. Follow Steps 
a through c, paying attention to the seven troubleshooting 
hints that follow. 


a. If the controller or 3495A under test does not 
respond after approximately 1 minute during program 
execution, the system has become hung up, i.e., it has 
stopped on some program line and will not advance any 
further. To regain control of the controller, press STOP. A 
line number will appear on the display. To see the program 
line that the controller has stopped on, press: 


(een) (Line Number) - 1 : 

A 

If you have modified the verification program for another 
address or for some other reason, the program may then be 


720 
Display 
“FIRST CHANNEL TO 
BE TESTED?” 


220 

Title 
Printed 
rg 


210 
Finished 
? 


YES NO 


20 
Rewind Tape 


1080—1090 
Display 

“ARE MORE CHANNELS 
TO BE TESTED?” 


880—920 

Print Message That at Least 
One Relay Does Not Open. 
Complete Other Reed 
Tests and Load Trouble- 
shooting Program on File 


850,860 
Measurement 


>12 MQ 
? 


870 
Print 
“FAILURE” 


NO 


NO 


60—70 
Select DVM Remote Con- 


trol 330 730 
Title 340-360 NO 230 Input First Channel 12 
Printed Print Title Failed Number 


Test 


? 
? 


940,950 1100 


80 
Select 100 2 Range Input 1 = YES or 0 = NO 


Clear Failed-Test and 
Title-Printed flags 


260 
Print 


240 
Print 


930 


370 eh ” a 740 Load Scanner Trouble- 
Oi PASSED TEST FAILED TEST Correct antina Mogi 
“CLOSE ALL SW OF 10 Input 960 


POS SW” ? Clear Reed-Fails-To-Close 


Flag 


270—280 1110 
More 


Channels 
? 


90—130 
Print Operating Instruc- 
tions 


Space 


760 
Display 970 

“LAST CHANNEL TO BE For First to Last Channel NO 
TESTED?” 


380 
Wait 5 Seconds 


290,300 


Select DVM Local Control 1000,1010,1020 


REED TEST 390—410,1160,1170 50 856 Print 1120 
Print r “FAILURE” 
“PRESS CONT EXECUTE 770 baie al “CHANNEL C_ RESIS- 
Wien BERG” Input Last Channel — TIVE, SEE RELAY RE- 
310 Number ; PLACEMENT — PROCE- 
Display DURE” 
“END OF TEST” 
170 
Input Test Number 
780 1130 thru 1150 
Display 1030 
320 End paling “INCORRECT INPUT” 1040 Set Reed-Fails-To-Close 
= “pat far 3 856 Clear All Channels and Failed-Test Flags 
Set Title-Printed Flag 
1130 thru 1150 YES 
180 Display 
Correct Input? “INCORRECT — INPUT” 1050 
for 3 sec Next Channel 
440 810,820 
YES Clear All Channels Print 
“CHANNELS” 
“THRU” Last 
1060 
590,580,670 een NO 
Pk aia Wait 5 Seconds Property 
—650 # 
Print 830,840 
“HIGH (B) READS” or 
“GUARD READS” 
500—520,590—610, 
680—700,1160—1180 1070 
Print Print 
“PRESS CONT EXECUTE “ALL OKAY” 
WHEN READY” 
480,570,660 
Print 
“INSTRUCTIONS TO 
CLOSE PROPER 
SWITCH” 530,620,710 
SYS-D- 4487 Figure 7-1. 3495A Scanner Test Flowchart. 
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Start 


135 
Rewind Tape 


170 
Print Instructions to Check 
Connections 


240—260 
Print 

“PRESS CONT EXECUTE 
WHEN READY" 


270 


280—290 
Print 

“LET'S SEE IF THAT 
SOLVED THE PROB- 
LEM” 


300 


Set DVM to Remote Con- 
trol 


320—330 


310 
Clear All Channels 


Select 10 MQ Range 


340—350 
Measurement 


>12 MQ 
? 


YES 


NO 


360 
Print 
“AT LEAST ONE RELAY 
STILL SHORTED” 


SYS-B-4486 


380—430 

Print 

“ALL RELAYS WILL 
NOW OPEN. PRESS END. 
PRESS LOAD 1 EXE- 


CUTE. WHEN LAZY T 
APPEARS ON DISPLAY 
PRESS RUN EXECUTE 
TO RE-RUN SCANNER 
TEST." 


440 
Load Scanner Test Pro- 


gram (File 10) 


450—490 
Print 

“WHICH SWITCH OF 3 
POSITION SWITCH IS 
ON?” 


500 
IfD>1 510—520 
andD<4 Print 
Then 540 “INCORRECT INPUT!” 


YES 


540—580 
Print 

“WHAT IS THE NUMBER 
OF THE FIRST CHAN- 
NEL IN THE DECADE 
BEING TESTED” 
(i.e.,0, 10, 20,;..) 


750 
Next Channel 


600—620 
Print 

“NOW LET’S FIND BAD 
RELAY BY  SUCCES- 
SIVELY ELIMINATING 
CHANNELS” 


630 
For Channels 0 Through 9 
(J) 


650—670 
Print 

“OPEN SWITCHES Q 
THROUGH J OF 10 POSI- 
TION SWITCH. PRESS 
CONT EXECUTE WHEN 
READY” 


690 
Stop 
700 
Clear All Channels 


710—720 
Select 10 MQ Range 


730,740 
Measurement 


>12MQ 
? 


YES 


760—800 
Determine Which Reed 


Test is Being Run 


780,790,810—860 
Print 

“THE (reed being tested) 
RELAY IN CHANNEL J 
BAD, REPLACE PER RE- 
LAY REPLACEMENT 
PROCEDURE. THEN 
PRESS RUN EXECUTE & 
RE-RUN THIS PROGRAM 
TO SEE IF MORE THAN 
ONE RELAY BAD” 


870—890 
Print 
“END OF PROGRAM" 


900 


Figure 7-2. 3495A Scanner Troubleshooting Test Flowchart. 
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Table 7-4. T List of 3495A/9830A Cassette. 


Start End 
File Words/ Words Line Line 
Type File Used 


Number 


the source of the problem. Often it is an incorrect address 
which can be corrected and the Verification Check rerun. 
There may be problems with the HP-IB Cables, Instrument 
I/O, or the I/O Card. Refer to Step b if the suspected prob- 
lem is with the HP-IB. 


b. Connect only the 3495A under test to the controller 
via a single HP—IB Cable. Then rerun the Verification 
Chuck (ie., “‘recable’’). 


NOTE 


This will help to determine the possibility of 
another instrument or cable malfunctioning 
and creating a problem with the instrument 
under test. 


c. Failure of the check in Step a indicates a possible 
malfunctioning of the HP—IB Cable, HP—IB I/O Card, or 
the Controller. Replace the HP—IB Cable and rerun the 
Verification Check for the original under test. If a com- 
ponent or instrument is malfunctioning, or if the problem 
cannot be isolated, contact your local -hp- Field Office for 
assistance. 


NOTE 
It is helpful to jot down each of the things you 
have done to determine the problem. This pre- 
vents repeating something already done. 
1. All instruments ON and power applied. 


2. Cassette transport door closed. 


3. Printer has paper. 


& 


. Talk and Listen addresses used by program same as 
instrument under test. 


5. HP—IB cable connectors completely free of all 
foreign material. 


Number 


Common 
Area 


Special Function Keys 


3495A Scanner Verification 


3495A Troubleshooting 


*Indicates Blank File 


6. HP—IB cables securely connected. 


7. No more than two (2) meters HP—IB cable per 
device in the test set-up. 


7-50. Scanner Test Fixture — Theory of Operation. 


7-51. The scanner test fixture serves two functions: 


a. Selection of the reed test to be run—either Low, High 
or Guard for Low Thermal Assemblies or A or B for Activa- 
tor Assemblies. 


b. Isolation of shorted relays. 


Refer to the schematic of the scanner test fixture shown in 
Figure 7-3 for the following discussion. 


7-52. When the Scanner Test Program is being run, all 
switches in the 10 position, channel selector switches 
should be closed. The Reed Selector switch corresponding 
to the reed test to be run is closed; the other two switches 
are open. 


7-53. The Scanner Test Program first opens (clears) all 
relays in the scanner. If any relay of the reed type being 
tested is shorted, the 3490A DVM will read a short. Since 
the relays of all the channels in the decade are connected in 
parallel, it is only possible to say that one of the relays of 
the reed type under test is shorted. To determine which 
relay is shorted, the Scanner Troubleshooting Program must 
be run. 


7-54. The Scanner Troubleshooting Program instructs the 
operator to begin opening channel selector switches sequen- 
tially. When the channel selector switch for the shorted 
relay is opened, the 3490A DVM will read an open and the 
channel number of the defective relay is printed out. (The 
defective relay will be the last one removed from the circuit 
before the DVM read an open.) 
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3495A | FIXTURE 


B or HIGH 


A or LOW 


B or HIGH 


A or ' LOW" COMMON 


B or "HIGH" COMMON 


"GUARD" COMMON 


CHANNEL O 


Model 3495A 


CHANNEL SELECTOR SWITCHES 


(10 POSITION) 


3490A 
HIGH INPUT 
HIGH Q SIGNAL 


REED SELECTOR SWITCHES 


(3 POSITION) 
fe 


3490A 

LOW INPUT 
LOW N SIGNAL 
GUARD 


3050 -B-4544 


Figure 7-3. Scanner Test Fixture. 


7-55. OPERATIONAL VERIFICATION CHECK: 9825A 
CALCULATOR. 


7-56. Description. 


7-57. The Scanner verification program checks each 
channel assembly separately in the Scanner under test. Each 
relay in the channel under test (High, Low, and Guard for 
the Low Thermal assemblies and for actuator assemblies A 
and B) is tested by the Scanner Verification Check. If a 
defective relay is found, the program will print out an error 
message indicating the defective relay channel number and 
the type of defect (resistive or shorted). 


7-58. To determine if a relay is defective, the program 
selects the DVM OHMS function and measures the input 
resistance of the LOW THERMAL or ACTUATOR 
CHANNELS. This determines if each relay in a particular 
channel does not open (less than 1 megohm) or does not 
close (greater than 1 ohm). 


7-59. In the case of a resistive relay, as soon as the defect is 
detected the error message is printed. 


7-60. If one or more relays are shorted, the program will 
automatically load in the Scanner troubleshooting program 
first. This program will instruct the Operator to open 
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certain switches on the Scanner Test Fixture until the 
shorted relay(s) is found. The program will then output the 
error message on the printer. Any type of defective relay 
may be replaced easily and simply by following the Scanner 
Repair procedures found in Service Groups B and C of this 
manual. 


NOTE 


The Verification Check program flowchart 
may be found on Figure 7-5. 


7-61. EQUIPMENT REQUIRED. 


7-62. To run the Scanner Verification Check you will need 
the -hp- Model 9825A Calculator, -hp- Model 3495A 
Scanner, -hp- Model 3455A DVM, 3495A/9825A Test 
Cassette (-hp- Part No. 44195-10002), Low Thermal and/or 
Actuator, Scanner Test Fixture (-hp- Part No. 03495-67901 
and -hp- Part No. 03495-66522, respectively), and the 
Fixture Cable Assembly (-hp- Part No. 03052-26501). 


7-63. OPERATING INSTRUCTIONS. 
7-64. The Operating Instructions for the Scanner Verifica- 


tion program are divided into two main areas—Equipment 
Setup and Verification Program Instructions. 


Model 3495A 


a. Equipment Setup. In order to run the Scanner 
Verification Program, the Low Thermal or Actuator Test 
Fixture and Fixture Cable must be connected to the 
channel assembly under test and to the 3455A DVM. Refer 
to the steps below for the proper procedure. 


1. Turn the 3455A DVM and 3495A Scanner Power 
switches to OFF. 


2. Open the relay access panel on the rear of the 
Scanner by removing the two retaining screws. 


NOTE 


Refer to the Relay Replacement Procedures, 
Service Groups B and C, for step-by-step 
instructions on removal of the rear access panel 
and terminal assembly. 


3. Remove the Terminal assembly from the Decade 
Channel assembly located on the far right as 
viewed from the rear of the instrument. 


4. Insert the Test Fixture into the appropriate 
Decade channel assembly. Make sure the Test 
Fixture connector is making a good electrical 
connection. 


NOTE 


The Low Thermal Assembly Test Fixture is 
-hp- Part No. 03495-67901, the Actuator 
Assembly Test Fixture is -hp- Part No. 
03495-66522 and the Fixture Cable Assembly 
is -hp- Part No. 03052-26501. If you are not 
sure which assembly is in the location you have 
selected, you may determine the correct fixture 
by matching the connectors of the Fixture and 
the Decade Channel Assembly. 


5. Connect the Cinch Connector of the Test Fixture 
Cable (-hp- Part No. 03052-26501) to the rear of 


3495A SCANNER 


TERMINAL 
ASSEMBLY 


LOW THERMAL 
TEST FIXTURE 
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the 3455A DVM. Refer to Figure 7-4 for a wiring 
diagram. 


NOTE 


Insure the FRONT/REAR switch on the 3455A 
is set to REAR. 


6. Set the DVM and Scanner POWER switches to ON 
and insert the 3495A/9825A Test Cassette (-hp- 
Part No. 44195-10002) into the Controller tape 
transport. 


Verification Program Instructions. 


1. Load the 3495A Scanner Operational Verification 
Check by pressing: 


Se 


2. Follow the instructions listed by the printer. The 
3495A Scanner Verification Program and the 
Scanner Troubleshooting program are written for 
3495A Scanner select codes 709, 710, 711, 712 
and a 3455A DVM select code 722. 


NOTE 


If the instrument you are checking does not 
have one of the Select Codes (Talk and Listen 
address) noted above, check to see if any other 
instrument has these addresses. If not, then 
change the instrument address to one of those 
indicated above. Refer to Section III, Hardware 
Programming, for instructions on how to 
change the instrument address. Step 3 also con- 
tains important information on multiple 
scanner addresses. 


3. Multiple Scanners. The Scanner Verification 
program may check up to eight scanners simulta- 


3455A DVM 
FRONT 


REAR SWITCH 
AR 


Figure 7-4. Scanner Verification Program Wiring. 
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neously. The following conditions must be adher- 
ed to for the check to perform properly. 


(a) There can only be two scanners per select 
code. 

(b) The first scanners must have the 709 select 

code. Select Codes 710, 711, 712 must be 

used in order (2 scanners each except for the 

last select code used). 


— 


(c) 1 or 2 scanners may use the lust appropriate 
select code. 

(d) Each set of scanners must have internal 

channel addresses set up for 0 through 39 and 

40 through 79, respectively. 


— 


4. There are three series of displays or printouts 
where the controller requests a response from the 
operator. The possible responses and a short ex- 
planation of each is listed below. 


(a) Controller display: “WHICH REED TEST 
WANTED?” 


The operator must respond with the specific test 
number, then press CONTINUE as shown below: 


(Test Number) ( si ) 
Test: 


1 Low reeds (LOW THERMAL) or A (A 
CHANNEL ACTUATOR). 


2 High reeds (LOW THERMAL)or B (B 
CHANNEL ACTUATOR). 


3. Guard reeds (LOW THERMAL only). 
0 Finished testing. 


(b) Controller displays: “FIRST CHANNEL TO 
BE TESTED?” or “LAST CHANNEL TO BE 
TESTED?” 


The operator should respond with the specific 
channel number. The assemblies are numbered 
0-9, 10-19, etc. beginning with the far right 
assembly as you look at the rear of the instrument. 
The channel number input should be limited to 
those channels available on the decade assembly 
under test. 


(Channel Number ) 
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NOTE 


MULTIPLE? SCANNERS. If} more than one 
scanner is included in your system, the scanners 
and software are configured to call the channels 
beginning at channel number 0 to the maxi- 
mum channel number in your system. See the 
example below. 


Select Code 709 Select Code 710 


SCNI SCN2 SCN3 SCN4 
0-39 40-79 80-119 120-159 


Select Code 711 Select Code 712 


SGNS SONG SCN7 SCN& 
160-199 200-239 240-279 280-319 


(c) Controller displays) “MORE CHANNELS 
FOR TEST, Y/N (1/O)? The operator should 
respond with 


(1) (comme tion YES and( 0 } ( ow | for NO 


NOTE 


Answer ves if vou desire to continue testing the 
same decade assembly. 


A complete explanation of all instructions and 
operator response is provided in Table 7-5. 


5. If you desire to run the Verification Checks for 
other instruments, refer to the appropriate para- 
graph for the specific instrument. 


6. To rerun this Verification Test for the next decade 
assembly, move the Test Fixture to the new 
decade assembly (see Equipment Setup) and 
repeat the Verification Checks following the 
Operating instructions. 


NOTE 


To repeat the Scanner Verification Program for 
the same decade assembly, just press: f . ) 


7. Remove the Test Fixture and replace with the 


appropriate Terminal Assembly. The system is 
now ready to resume normal operations. 


7-65. DEFINITIONS OF PROGRAM VARIABLES. 


7-66. The 3495A Scanner Operational Verification Check 
uses numerous variables when running the program. The 
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variable definition and line location of the variable are 
shown below: 
A Error flag, when set to “1” indicates a resistive 

relay. 

B Stores first channel number to be tested, operator 
defined. 

C Current channel number under test. 

D ~~ Current REED Test, operator defined. 

E Error flag, when set to “1” indicates a shorted 
relay. 

J Channel counter for Scanner Troubleshooting 
Subroutine. 

K Stores current channel number for Scanner 
Troubleshooting Subroutine. 

M — Stores value of DVM reading. 

R Contains intermediate calculation for finding 
Variable K. 

S Stores last channel number to be tested, operator 
defined. 


7-67. Locations. 


7-68. The locations shown below represent all possible line 
numbers where each variable may be found. In cases where 
the letter representing the variable is used as text, that 
location will also be listed. 
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7-69. TROUBLESHOOTING. 


7-70. It is improbable that more than one or two relays 
will be resistive or shorted at the same time. An occurrence 
of this type usually means that another problem exists. 
Typical problems that may cause this condition are listed 
below. Also refer to the Operator Troubleshooting in this 
section. 


a. Poor connection of the edge connector between the 
Decade Assembly and Scanner. To correct this first remove 
the Test Fixture then the Decade Assembly in question. 
Reinsert the assembly. Make sure that it is well seated into 
the Scanner. 


b. Poor connection between the Decade Assembly and 
the Test Fixture. Remove the Test Fixture and reinsert. 


NOTE 


The Actuator assembly is more likely to have 
this condition. 


c. Poor connection between the Test Fixture Cable and 
the banana plugs on the rear of the DVM. 


d. FRONT/REAR input switch on the rear panel of the 
3455A DVM set to FRONT. Set the switch to REAR. 


e. Addressing Wrong Decade. Check to see that the 
Operator input of the channel number during the Verifica- 
tion Check corresponds to the decade under test. 


f. Select Codes incorrect. Refer to the System Config- 
uration Sheet to insure the address of the instruments used 
in the Verification Check corresponds to those used in the 
program. 


g. If the scanner will not respond to Bus signals, press 
the key to clear the Bus. Rerun the program. 
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Table 7-5. Controller Instructions and Operator Responses. 


The instructions to the operator begin as soon as RUN has been 
pressed. Refer to the paragraphs below for a discussion of each 
instruction and the response (if applicable). 


a. After the header has been printed, the controller will 
print: 


mle Proaran 
ests Low 

hermaogl o- 
Sgr Fe 


iT 
ee 
= 
it 
8 


2 adh 


Ro 
lst 
“a 


At the end of the printout, the controller will display: 


PRESS CONTINUE when ready 


~ 


The operator should press the ( CONTINUE ) key when ready to 
begin the program. ; 7 


b. The calculator will begin the test by printing: 


HIGHIs 


GUARDS: 
ENO TEST=6 


The display will also read: Which REED TEST wanted? 


The operator must respond with numbers @, 1, 2 or 3 (defined 
below), then CONTINUE. 


TEST:1 Low reeds (Low Thermal) or A (ACTUATOR) 
2 High reeds (Low Thermal) or B (ACTUATOR) 
3 Guard reeds (Low Thermal) 
@ finished testing 


NOTE 


The message requesting a specitic reed test is printed again 
after each reed test that is completed. 


The input will be tested tora valid number (@ through 3). 
An incorrect input will cause the controller to display: 


INCORRECT INPUT! 


The Controller then prints the Reed Test Message again. It 
will remain in this loop until a valid input is received. 
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c. The Controller then prints the test selected and instructs 
the operator to check the setting of the 10 position switch by 
printing: 


REED TEST & 

EE PER Tu 
ll Sa aecsk 
Poe, 


NOTE 


It lest O ls selected, the program will terminate. The Con- 
troller willdsp: END OF TEST and print: 


RIE 


When the switches have been set, the operator is asked to con- 
tinue the program from the display: 


PRESS CONTINUE when ready 
d. The operator input identifying a specific reed test will 


then cause the controller to print one of the three printouts 
shown below. 
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Table 7-5. Controller Instructions and Operator Responses (Cont'd). 


af 9 POS. Buttch 


Insure that the 3 position switch is set properly before continu- 
ing. 


When the switches have been set, the Operator is asked to 
continue the program from the display: 


Press CONTINUE when ready. 


e. When the program has been continued, the controller 
displays the following messages requesting the first and last 
channel to be tested. First CHANNEL to be TESTED? Last 
CHANNEL to be TESTED? The operator must input a channel 
number between O and 319, then press execute after each mes- 
sage. 


NOTE 


/f the inputs are not in the specified numerical range or if 
the first channel number is larger than the last channel 
number, the display will be INCORRECT INPUT! and the 
controller will repeat the message. 
Valid inputs will allow a printout of the test number and 
Channels under test as shown below. 


The display will also indicate ‘“TEST IN PROGRESS". 


f. During the actual testing of each specific channel, the con- 
troller will determine if any of the relays in the channels unde: 
test are shorted. A successful test would cause the program to 
print out: 


TEST +L 
The program will then sequence to Test No. 2 (refer to Step 
for Test No. 2). 
g. A shorted relay can be identified through the use of the 
Scanner Troubleshooting program. If a shorted relay is detected 


during the tests, the controller will print: 


SeeeFRHILUREses# 


fe lay 


Tneatructiams 


aUbroOuUt ine 
wile you to 


Th Ree 


Ret 


ay 
= 


Ovo. 


Ti 


fete CF 


aood coann 

an Inte 

ete 

Ternina 

S455A Connector 


The program will wait until the operator has finished reading the 
instruction. The display will hold; PRESS CONTINUE when 
ready. The operator can then press and the program 
will retest the Scanner Channels and display ‘‘TEST in progress” 
and print: 


a the 
rroble 
h. If the Retest fails the controller will print additional 


instructions for the troubleshooting program operation as shown 
below. 


The controller will display: 


“At least one relay still shorted’’ then ‘‘Instructions >” and 
print: 


find 


ion 


Ls. yo =, 
iri 


FOS § 
The program will wait for the Operator to accomplish the in 
struction by stopping and displaying: 

PRESS CONTINUE when ready 
The program will check each channel in succession until the 


bad relay is found. When a bad relay is found, the controller will 
print: (Channel number is the variable) 
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Table 7-5. Controller Instructions and Operator Responses (Cont'd). 


ainina. 


j. Test No. 2 will test the relays for their closed resistance. 
The heading and instructions are shown below. 


Pee et se ee 
BT TT 


if tne Test measurements were within the programmed limits, 
the controler will print: 


not find a bad relay, then it will print ou: The controller will print out any channels that appear resistive. 
After the resistive channel numbers have been printed out, addi- 
tional instructions are printed as shown below. 


SeeF A] 


Charrne 4 
RESISTIVE 


The operator should refer to the Scanner Troubleshooting pur 
graphs before proceeding. 


i. A successful retest will cause the program to branch back 
to the first of the program, rerun the test to insure that the 
relays under test are not shorted, and then continue with any 
remaining REED tests. The printout of the instructions is shown 
below. 


After both Test No. 1 and Test No. 2 have been completed for 
the selected channels, the controller will allow additional chan- 


nels or a retest of certain channels by displaying: More Channels 
for Test, Y/N (1/0)? 


A “1” response will cause the program to recycle to the channel 
request and retest the new channels. 


A "0" response will recycle the program to the reed test selec- 
tion. The remaining reeds may be tested or the program may be 


aborted by selecting REED TEST O (END OF TEST) selection. 


If ‘0’ is selected the controller will display: END OF TEST 


and print: 
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Test 


Fixture 
Setup 


28-29 
Prt Header 


30 
cll “‘init’’ Initialize Sub- 


routine 


31-36 
Prt Operating Instructions 


37-38 (Test Select) 
Prt Test Selection: Dsp 
“Which REED TEST 
Crooked Wanted?” 


95 
Error Subroutine 


93 
Clear Instrument And 
Interface 


94 
Prt 


“TEST COMPLETE” 


94 


DOsp “END OF TEST” 


42 
Prt (Start) “REED TEST 
(D) Selected” 


43 
Prt “Close All Switches Of 
10 Pos Switch” 


96 
Continue Subroutine 


44 
cll “SCNI” Scanner Sub- 
routine 


Jmp 


46-48 
Prt “** LOW (A) REEDS 
**" "Close Switch 1, 
OPEN 2 & 3 Of 3 POS 
Switch” 


Switch” 


96 


96 
Continue Subroutine 


D+ 2(D=2) +4 (D= 3) 


““" "Close 
OPEN 2 & 3 Of 3 POS 


Continue Subroutine 


Jmp + 7 


52-53 
Prt “**GUARD REEDS 
**" "Close Switch 3, 
OPEN 2 & 3 Of 3 POS 
Switch 


96 
Continue Subroutine 


Channel 
Select 


55 
B20 


And B <319? 


57 


58 
$<0Or 
S > 320? 


B>Ss? 


NO 


54 (Channel Select) 
Dsp “First CHANNEL To 
Be Tested”, Input B 


Dsp “Last CHANNEL To 
Be Tested”, Input S 


95 
Error Subroutine 


95 
Error Subroutine 
95 
Error Subroutine 


Test No. 1 


Shorted Relay 
Test 


62-64 
Prt — Test No. 1 Heading 


65 
Dsp “TEST IN Progress” 


66 

cll, DVM, (5, 6, 1) DVM 
To Ohms Function And To 
10 MQ Range 


67 

cll “SCNI” Clear Scanner 
cll “RDVM* (M), Read 
Dvm >M 


YES 68 
Set Error Flag 
THE 


YES 
“At Least 


NO 


70 


Prt “TEST No. 1 OK” 


74-76 (FAILURE) 
Prt “****FAILURE****“ 
Relay 
Shorted”, “FOLLOW IN- 
INSTRUCTIONS” 


Test No. 2 


Resistive 
Relay 
Test 


70-73 
Prt “TEST No. 2 Heading 


7 

cll “DVM” (5, 2, 0) Set 
Dvm To Ohms Function 
And .1 kQ Range 


78 
For C = B ToS (Increment 
C) B = Start Chan; S = 
Stop Chan 


78 
cll “SCNI” (C) Set Scanner 
Relay 


78 
cll “RDVM" (M); Take 
Reading Of Scanner Relays 
Reading >M 


79 
M<1+ 
105 (D = 3)? 


80 
Set Error Flags 1 > A 
cil “RES” C_ Resistance 
Failure Routine 


83-85 
Prt. “4*8*FAILURE**3” 
Channel “'C”’ Resistive 


Scanner 97-105 
Relay Prt Header And Operator 
Troubleshooting Instructions 


82 YES 82 Subroutine 
Prt “TEST No. 2 OK’ 
106 
Initialize Error Flag 0 >E 
86-87 
Prt “SEE 3052B OPER. & 106 
PROGRAM Manual (VOL ” 4 
1A) For Replacement Pro- cil “DVM” (5, 6, 0) Set 
cedures” Dyvm To Ohms Function 
And 1 MQ Range 
Additional Retest 107 
Test — After cll “SCNI” — Clear All 
Selection 88 Mechanical Scanner Relays 
Subroutine End Check 


Dsp “More Channels For 
Test, Y/N (1/0)?”, Input Y, 


107 
cll “RDVM” (M) Take 


Dvm Reading >M 


YES 


90 
Prt 
“ALL TEST OK” 


91 
Reinitialize Error 
Flag0>A 


110-113 (OK) 


Test Checks Ok, Prt Oper- 
ator Instructions 


3052-D-5 


YES 5} 108 
7 1>E 


114 
Dsp “At Least One Relay 
Still Shorted” 


115-117 
Dsp “INSTRUCTIONS” 
“Let's Find The Bad Relay 
By Successively Eliminat- 
ing Channels” 


118 
For J = 0 To 9, Increment 
Channel Counter 


10 Int (B/10) +R 


J+R>K 


118 
cll “SCNI" (K) Closed 
Scanner Channel K 


119 
Prt “OPEN Switches 1 
Through “K" Of 10 POS 
Switch” 


120 
Continue Subroutine 


121 
cll “RDVM" (M) Take 
Ovm Measurement And 
Load Into M 


126-128 (BAD) 
Prt “LOW, HIGH (B), Or 
GUARD Relay In Channel 
“K" Is Bad” 


124-125 
Prt “All Relays Will Open, 
Problem Located In Other 
Area” 


132-134 (B Text) 
Prt Instructions 


Figure 7-5. 3495A Scanner Verification Program Flowchart. 
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Model 349S5A 


7-71. PC BOARD CLEANING. 


7-72. Some 3495A printed circuit boards require clean 
handling techniques to preserve their high impedance 
characteristics. Service procedures on these boards can leave 
them contaminated with dirt, oil, solder flux, or finger- 
prints. 


7-73. Recovering the original impedance qualities on a con- 
taminated board requires a thorough board cleaning and 
recoating process. The following method can be used for 
cleaning PC boards and then recoating the repaired area on 
the board with a dry film coating. 


. Items needed are: 


1. Conventional dishwasher 
2. Detergent (one of the following) 


(a) Triton CF-54 or CF-76 low foam industrial 
liquid detergent; available in 5 gallon (45 lb.) 
containers from Central Solvents, 31702 
Hayman Street, Hayward, CA 94544. 


NOTE 
The Triton products are low foaming and non- 
ionic. For this application use a dilution factor 
of 0.1%. CF-54 is more general purpose whereas 
CF-76 is recommended only for dishwashers. 


(b) Alco-Zyme Enzyme Detergent. This is a deter- 
gent used in hospitals to clean surgical tools. 
Available from Scientific Products, 150 
Jefferson Drive, Menlo Park, CA 94025. 


NOTE 


Alco-Zyme is a recommended second choice 
but be careful, it is a high foaming detergent. If 
you use too much in the dishwasher you could 
be inundated with a mountain of suds. 


(c) Calgonite dishwasher detergent (if none of the 
above are available.) 


NOTE 
The problem with Calgonite is that if improper- 


ly rinsed from the PC board, it can leave an 
electrically conductive film, especially in hard 
to rinse areas like relays. 

3. Distilled water. 

4. Cotton gloves, -hp- Part No. 8650-0015. 


5. Switch Lubricant -hp- Part No. 5060-6086. 


6. Dry Film coating (one of the following). 


(a) Dry Film 88 (General Electric) -hp- Part No. 
6010-0142. 


Section VII 


(b) KENCO #811 Circuit Coat. 
(c) KRYLON Acrylic or Dow Corning #991. 


(d) scotchgard (if none of the above are avail- 
able). 


NOTE 


Make certain that you perform the wash, 
rinse, and dry cycles continuously. The boards 
should not be allowed to dry between wash and 
rinse cycles. 


7. After the board has been repaired, remove all 
assemblies that may be damaged by water and 
150°F temperatures (e.g., LED displays, batteries, 
etc.). 


8. Set the water temperature for at least 150°F. Run 
the empty dishwasher with soap through one 
cycle to remove any residue. 


NOTE 


For Triton, use 1/2 oz. (4 tsp.) per wash. For 
Alco-Zyme, use 1/16 tsp. per wash. For Cal- 
gonite, follow directions on the box. 


9. Place the boards on their edges on the top rack. 


10. Run the dishwasher through the wash cycle only. 
Use the amount of detergent recommended in the 
note in step 8. Don’t allow the boards to dry 
before rinsing in the next step. 


11. The last rinse cycle should be completed with 
pre-heated distilled water if at all possible. To 
accomplish this, shut off the water supply before 
the final rinse cycle begins. After the rinse water 
has been pumped out, turn off the washer (usually 
just opening the door does this), open the door 
and pour the pre-heated distilled water into the 
bottom of the washer. Note that if too much Alco- 
Zyme is used, several rinses may be necessary. 


12. If an oven is available, dry the boards in an up- 
tight position at 150°F for 3 hours. Otherwise, 
use the dry cycle on the dishwasher twice. 


13. After drying, and while the board is still warm, 
coat the repaired areas with one of the recom- 
mended dry film products. 

NOTE 


Make certain that you wear cotton gloves when 
handling the boards. 
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7-74, ABBREVIATIONS AND SCHEMATIC SYMBOLS. 


manual. 


7-75. Table 7-6 and Figure 7-6 list the abbreviations and 


INT REQ 


JACK XA2 IS MOUNTED O| 


NV POWER SUPPLY 


Table 7-6. Abbreviations. 


American Standard Code for Information Interchange 
Attention 

Clock 

Data Valid 

Direct Control 6-6 

Data Input Out 

Device Select (Non R/W) 

End or Identify 

External 

Flip-Flop 

Ground 

Hewlett-Packard Interface Bus 
Interface Clear 

Interrupt Acknowledge 
Interrupt Enable 

Interrupt Request 


ASSEMBLY 
REFERENCE 
DESIGNATION 

—— 


ASSEMBLY 
ASSEMBLY PART NUMBER 
NAME (INCLUDES A2Al SUBASSEMBLY) 
oy 


(OOXXX - 66501) 


CHASSIS OR ANOTHER ASSEMBLY. 


PI 1S NOT MOUNTED 
ON A2 ASSEMBLY 


PLUG PI 1S MOUNTED ON ASSEMBLY OR IS PAR 


T 
ae oe THE ASSEMBLY BOARD (COMPLETE DESIGNATOR IS A2PI) 


TEST VOLTAGE 


(COMPLETE DESIGNATOR IS Pi) 


WIRE COLOR; COLOR CODE IS THE SAME | 
AS THE RESISTOR COLOR CODE. FIRST 

NUMBER INDICATES BASE COLOR, SECOND | OFF TERMINAL, MAY OR 
NUMBER INOENTIFIES WIDER STRIP, AND 4 MAY NOT BE NUMBERED 


THE THIRD INDICATES THE NARROWER 
STRIP. (924, DENOTES WHT/RED/YEL WIRE) | 8% | 


Ae-COMPLETE DESIGNATOR IS A2R4 
R4 


SUBASSEMBLY OF A2 


(COMPLETE DESIGNATOR IS A2Al) 


oe INDICATES 
PIN OF XA2 AND PI 


EYELET OR STAND- 


COMPLETE 
DESIGNATOR 


a 1S A2AIRI 


Model 3495A 


symbols used throughout the service section of this 


Data Not Accepted 
Number of Readings 
Not Ready For Data 
Program Address 
Programmable Read-Only-Memory 
Random Access Memory 
Reference 

Remote Enable 
Read-Only-Memory 
Read/Write (Low Read) 
Signature Analysis 
Signature Analysis Test 
Service Group 

Second 

Trigger 


Ql 


MALE STANDOFF 
PIN CONNECTOR 


FEMALE PIN 
CONNECTOR ON 
MAY OR MAY A WHT/RED WIRE 


NOT BE NUMBERED aoe, 
cade 


ae 


PARTIAL REFERENCE DESIGNATIONS ARE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY 
DESIGNATION(S) OR BOTH FOR COMPLETE DESIGNATION 
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Figure 7-6. Reference Designations and Schematic Symbols. 
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GENERAL SCHEMATIC NOTES 


1. PARTIAL REFERENCE DESIGNATIONS ARE SHOWN. 
PREFIX WITH ASSEMBLY OR SUBASSEMBLY DESIG- 
NATION(S) OR BOTH FOR COMPLETE DESIGNATION. 

2. COMPONENT VALUES ARE SHOWN AS FOLLOWS UN- 


LESS OTHERWISE NOTED. 
RESISTANCE IN OHMS DENOTES INVERTER 
CAPACITANCE IN MICROFARADS 


INDUCTANCE IN MILLIHENRIES Bus tes 
0000 
3. ae DENOTES EARTH GROUND. -“ 90190 
+ USED FOR TERMINALS WITH NO LESS THAN A oT 8 
= NO. 18 GAUGE WIRE CONNECTED BETWEEN B mel O11 6 
TERMINAL AND EARTH GROUND TERMINAL 6 1000 
OR AC POWER RECEPTACLE. : ; : 
4. DENOTES FRAME GROUND. rit 4 
aE USED FOR TERMINALS WHICH ARE PERMA- DENOTES “AND” GATE ,~gpca 
NENTLY CONNECTED WITHIN APPROXIMATELY eer 
0.1 OHM OF EARTH GROUND. es 
A 
5. DENOTES GROUND ON PRINTED CIRCUIT " a | : ; 
v ASSEMBLY. (PERMANENTLY CONNECTED TO 1 oe 6 
FRAME GROUND). Cc 
1010 
6, me oe oe ems DENOTES ASSEMBLY. DENOTES “AND” GATE 7 | 9 9 
WITH INVERTED IN- 
7, DENOTES MAIN SIGNAL PUTS 
PATH, ABCOA 
0001 
8. <P DENOTES SCREWDRIVER ADJUST. A 54 4 
a B a 0101 
9. _,\,__ DENOTES SECOND APPEARANCE OF A CON- ytd 4 
~’ NECTOR PIN. c 
1001 
40141 
10. \924 ) DENOTES WIRE COLOR: COLOR CODE SAME AS : : 
\224 / if ND’ A 4) 150; 4 
RESISTOR COLOR CODE. FIRST NUMBER IDEN- CREECH TENE TES. +42 OD 
TIFIES BASE COLOR, SECOND NUMBER IDENTI- ourpir 
FIES WIDER STRIP, THIRD NUMBER IDENTIFIES ; os 
NARROWER STRIP, (eg. = WHITE, RED, 5 6b 4 
YELLOW.) A 604 4 
11. ALL RELAYS ARE SHOWN DEENERGIZED. B Q : 
Cc 1001 
12. | ] DENOTES FRONT PANEL MARKING. 17 
DENOTES “OR” GATE : ee ‘ 
EACH GATE IS INDIVIDUALLY DEPICTED BY ITS WITH INVERTED IN- 1110 
LOGICALLY EQUIVALENT “OR” OR “AND” SYMBOL tS fer 
ACCORDING TO ITS USE IN THE CIRCUIT. NOTICE THE a ae 4 
LOGICAL EQUIVALENCE OF THE “NOR” GATE AND ae 
THE “AND” GATE WITH INVERTED INPUTS, AND OF B O eee 
THE “NAND” GATE AND THE “OR” GATE WITH oe 
INVERTED INPUTS. Be 6 
SIGNAL NAMES ON THE SCHEMATICS HAVE AN L OR DENOTES “NOR” GATE: 1010 
H SUFFIX TO INDICATE A LOW OR HIGH RESPECTIVE “OR” WITH INVERTED 1100 
“TRUE” LEVEL. OUTPUT. 1110 
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Model 3495A Section VII 
= SERVICE GROUP A 


Service Group A contains theory and service information for the basic 3495A Scanner. 


SCANNER CHASSIS 


RELAY FLAGS 
HP-IB 
CONNECTOR 


(\ 
[Trews oscar oor | 
14 [[Toccaoe sever 
nn ee 
anosnane P[Tecure 


| | fru ov tT 


A3 CONNECTOR BOARD 


A 


A2 
POWER MOTHER BOARD 


SUPPLY 


Figure 7-A-1. Service Group A. 


Service information on the following assemblies is in this service group: 


Scanner Chassis 
A2 Power Supply Assembly 
Aé4 Interface and Control Assembly 


with references made to the A2 mother board and the A3 connector assembly. 


7-A-1 


Section VII Model 3495A 


SERVICE GROUPA 
BASIC SCANNER 


7-A-1. The basic scanner does not consist of any channels. It does consist of the standard 
chassis, the Al Mother Board, the A2 Power Supply, the A3 Control Connector 
Assembly, and the A4 Interface and Control Assembly. 


7-A-2. The A4 Interface and Control Assembly interprets commands and instructions 
from the HP—IB and executes them on appropriate channels. 


7-A-3. Information in this service group is presented as follows: 


Power Supply Checks 
A2 Service Material 

A4 Theory of Operation 
Aé4 Service Material 


ano ep 


7-A-4. SERVICE. 


7-A-5. The chassis rarely develops troubles under normal operating conditions. The rear 
door should be kept on, in good shape, and closed to avoid excessive air flow through the 
scanner, which may degrade performance. All moving parts should be periodically checked. 


7-A-6. The Al mother board and A3 connector are connector assemblies and require no 
periodic or special service. 


7-A-7. POWER SUPPLY CHECKS. 


7-A-8. Check the + 12 volt power supply with a voltmeter across the + 12 and GND Pins 
on the A2 assembly. A reading of + 12 volts + 5% should be obtained. This supply is used 
by the A10 High/Low relay control circuit, A40 relay drive circuit, and the A13, A22 and 
A25 relay assemblies. Filtering is provided by C2, regulation through the combined action 
of U2 and CRS. Q2 is the current pass transistor and R8 provides current sensing for U2. 
The full load output current for this supply is approximately 1.38 amperes at 25°C. 


7-A-9. Check the + 5 volt power supply with a voltmeter across the + 5 and GND pins of 
the A2 assembly. This supply should read + 5 volts + 3% if the adjustment in Section V 
was done properly. The + 5 volt supply is used by the A4, AS, A10, and A40 assemblies. 
Filtering is provided by C1 and C3, regulation through the combined action of U1 and 
CR1. QI is the current pass transistor and R9 in parallel with R10 provides current 
sensing for Q2. The full load output current is about 4.9 amperes at 25°C. 


7-A-10. An unregulated + 10 volt supply is provided at the positive terminal of C1 on the 
Al mother board assembly. This supply is used by the A5 and A6 display assemblies and 
is a source for the A2 +5 volt regulated supply. Check this supply voltage for 
approximately + 10 volts with the 3495A cleared (all channels open). 
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Model 3495A 


Reference 
Designation 


SERVICE GROUP A 


Section VII 


Table 7-A-1. Replaceable Parts: Power Supply A1, A2, A3 and A100. 


HP Part 


03495-6650L i 


01 60- 2566 
0180-0408 
0160-0582 


1901-0200 
1400-0567 
1901-0200 
1400-0507 
1901-0028 


1901-0200 
1400-0507 
1901-0200 
1400-0507 


03495-26501 
1205-0033 
1251-3750 
1251-1687 


03495-66524 


0180-0197 
0150-0050 
0180-0339 
0150-0050 
0180-0197 


0180-0309 
0150-0096 


1901-0040 
1901-0040 
1902-3171 
1902-3062 
1902-0629 


1854-0039 
1854-v071 
1354-0071 
1854-0071 


2100-3273 
0664-2725 
0634-LG3L 
0683-2715 
0684-1021 


0683-6825 
0683-3025 
0811-1662 
08Ll-1659 
O8 11-1659 


0683—2705 

0757-0392 
0684-1001 
0683-4725 
0698-4444 


0684-LO21L 
0698-4471 
0684-4721 
0698-3151 
0684-1031 
0757—0407 
1820-0223 
1820-0196 
03495-61606 


1251-3751 
59000-9043 
5040-6843 


03495-66503 


03495-26503 
1251-2875 
5000-9043 
5040-6843 


Description 


MUTHER BOARD ASSY 


CAP ACITOR-FXD; 
CAPACITOR—FXD; 
CAPAC ITOR-FXD;5 


-012F +100 —-10% 15VDC AL 
5400UF +75 —10% 25VDC AL 
270UF +100 —-10% 40VDC AL 


OIUVE-PWR RECT LOOV 1L.5A 
CLAMP; CABLE TIE} 2 DIA .095 NYL 
VIOOE-PWR RECT LOOV 1.5A 
CLAMP; CABLE TIE; 2 DIA 2095 NYL 
OLUDE-PWR RECT 400V 750MA 


DIUDE-PWR RECT LUOV 1.5A 
CLAMP; CABLE TIE; 2 LIA 2095 
DIGODE—PwWR RECT LOOV 125A 
CLAMP; CABLE TIES 2 DIA .095 


AL MISCELLANEGUS 


BOARD, BLANK PC 

HEAT-DISSIPATOK; SGL; TO-5 PKG 
CUNNECTOR, POST TYPE 

CUNNECTURS PC EDGE; 22-CUNT; DIP SULUER 


PUWERK SUPPLY ASSY 


CAPACITOR-FXU; 2.2UF+-10% 2uvOC TA 
CAPACITUR-FXD LOOOPF +#80-20% LOOOWVDC 


CAPACITOR-FXD5 


SUUF#75-10% 1L6VOC AL 


CAPACLTOR-FXD LOOOPF +#80-20% LOOOWVOC 


CAPACITOR-FXD; 


CAPACI TUR-FXD; 


2-2UF+#-LO€ 2UVDC TA 


4eTUFt-20% LOVDC TA 


CAPACITOR-FXD .O5UF +#80-20% LOOWVOC CER 


OLUDE-SWITCHING Z2NS 30V 50MA 
DIUDE-SaITCHING 2NS 30V SOMA 

OLUDE-ZNR LLV 5% DU-7 PO=.4w TC=+.U62% 
DIODE-ZNR 43.92V 5% DU-T PO=.4wW TC= 
DIUDE-ZNR 13V 5% PL=5W 


TRANSISTOR NPN 2N3053 SI PO=1wW 

TRANSISTOR NPN 3h PO=300MW FI=200MHZ 
TRANSISTOR NPN SI PO=300MW FT=200MHZ 
TRANSISTOR NPN SLI PO=300MW FT=20GMHZL 


RESESTOR-VAR TRMK 2KUHM LOZ C Sibt Aud 
KESISTUK 267K 5% «25w CC TUBULAR 


KESTSTOR LOK LOE 


«250 CC TUBULAR 


KESISTUR 270 UHM 5% .25W CC TUBULAK 
RESESTUR LK 10% «25W CC TUBULAR 


RESISTOR 668K 5% 


#25wW CC TUBULAR 


RESISTOR 3K 5% .25W CC TUBULAR 

RESISTOR «47 OHM 5% 2W Pw TUBULAR 
RESTSTOR «27 UHM 5% 2m PA TUBULAR 
RESESTOR «27 UHM 5% 2m PW TUBULAR 


KESESTOR 27 UHM 5% 625W F TUBULAR 


RESISTOR 43.2 UHM 


1% .125W F TUBULAR 


RESISTOR LO OHM 10% .25w CC TUBULAR 


RESISTOR 467K 5% 
RESISTOR 4.87K 1% 


o25w CC TUBULAR 
«125W F TUBULAR 


RESISTOR 1K LOZ .25W CC TUBULAR 


RESISTUR T.1L5K 1% 
RESISTUR 4.7K 10% 
RESISTOR 2687K 1% 
RESISTOR LOK LOZ 


e1Z5W F TUBULAR 
225m CC TUBULAR 
o1l25W F TUBULAR 
«25wW CC TUBULAR 


RESISTOR 200 1% .125W 
IC LIN LM30LAH AMPLIFIER 
IC LIN KEGULATOR 
CABLE ASSY 
A2 MISCELLANEOUS 


CONNECTOR, POST TYPE 
PIN, EXTRACTOR 
EATRACTOR, PC BOARD 


CONNECTOR ASSY 
A3 MISCELLANEUUS 


BUARD, BLANK PC 

CONNECTOR; PC EDGE; 22-CUNT; EXTENUVER 
PIN: P.C. BOAKO EXTRACTOR 

EXTRACTUR, P.Ce BOARD 


Mfr Part Number 


03495-66501 


20—36237 
OL8C-0408 
6720277HO40DT2C 


SRLE46-9 
TY-232M 
SRLE46-9 
TY-232m 
$R1358-9 


SR1E46-9 
Ty~232m 
SR1LE46-9 
TY-232M 


03495-26501 
1205-0033 
1251-3150 
252-22-30-340 


03495-66524 


L500225X9020A2 
0150-0050 
300506GOL6CB2 
0150-0050 
15006225x9020A2 


15004 75X00L0A2 
0150-0096 


1901-0040 
190 1-0040 
SZ 10939-194 
SZ 10939-65 
1902-0629 


2N3053 

1854-0071 
1854-0071 
1854-0071 


3365H 

CB2725 
CBLC3L 
C62715 
Cold2i 


CB6825 
CB3025 
BwH2-47/100-J 
BwH2-27/LU0-J 
BWH2-27/1LL0-J 


CB2705 
C4-1/d-T0-44R2-+ 
CBLCUL 

C64125 
C4-1/8-T0-4871-F 


cB1Cc2L 
C4-1/6-TO-7L51L-F 
CB4721 
C4-1/6-TO-2471L-F 
CB1C31 
C4—1/8—TO—201-—F 
LM3CLAH 

723+C 
03495-61606 


1251-3751 
5u0C-3043 
204C-6843 


03455-665U3 


03495-26503 
251-22-30-360 
5U0C-9043 
SC4L-6843 
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Reference 
Designation 


A100 
A100C1 
A100CR1 
A100F1 
A10001, 02 


A100S1 
A100S2 


A100T1 
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Model 3495A 


Table 7-A-1. Replaceable Parts: Power Supply A1, A2, A3 and A100 (Cont'd). 


NONE 

0160-0904 
1902-1232 
2110-0312 
1854-0063 


3101-1720 
3101-1609 


9100-3439 


03495-00203 
03495-04107 
03495-24301 
03495-01228 
5060-9835 
5060-9862 
5060-9847 
5040-7202 
5001-0440 


7120-5234 


03495—10001 


CHASSIS 

C: FXD CER O.05UF 20% 1000VOCW 

DIODE: ZNR 1N3997R 5.6V 10% 

FUSE: CARTRIDGE 1AMP 250V SLOW-BLOW 
TSTR: SI NPN 


SWITCH: PB 1-STA MODULE DPDT 
SWITCH: SL 2DPDT 3A 125VAC 


TRANSFORMER 


PANEL, FRONT 

DOOR, REAR 

LENS, RED 
STIFFENER — REAR DOOR 
COVER, TOP 

COVER, SIDE 

COVER, BOTTOM 

TRIM, TOP 

TRIM, SIDE 


LABEL — INFO 


TEST CASSETTE 


41C 169A4—-CDH 


1N3997R AX 


MOL-1 


SN3055 2M FOSS 


3101-1720 
11E-1036 


9100-3439 


03495-00203 
03495-04107 
03495-24301 
03495-01228 
5060-9835 
5060--9862 
5060-9847 
5040-7202 
5001-0440 


7120-5234 


03495-10001 


MOTHER BOARD 


03495-66501 


POWER SUPPLY ASSEMBLY 
03495-66524 
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Figure 7-A-3. Power Supply Al, A2, A100. 
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SERVICE GROUP A 
A4 
THEORY OF OPERATION 


7-A-11. GENERAL. 


7-A-12. The A4 Interface and Control assembly interprets commands and instructions on 
the Hewlett-Packard Interface Bus (HP—IB) and controls the channel accordingly. Com- 
mands are sent on the HP—IB during the Command mode (ATN line low); channel pro- 
gramming instructions are sent during the Data mode (ATN line high). Six signals pass the 
commands and instructions to the decade assemblies. Low Thermal Logic decade assem- 
blies (Options 001 and 003) close the three relay contacts of one channel per decade in a 
break-before-make sequence; Actuator Logic decade assemblies close the two relay 
contacts of any number of channels per decade simultaneously. Flags are sent to the 
Interface and Control assembly from the Logic assemblies to hold up the reception of 
data from the HP—IB while the Logic assemblies are opening or closing relays. A block 
diagram of the basic 3495A Scanner is shown in Figure 7-A-1. A block diagram of the A4 
interface and control assembly is shown in Figure 7-A-4. 


7-A-13. Channel Closure. 

7-A-14. A channel is closed by the following sequence of operations: 
a. The ten’s channel digit is stored on A4. 
b. The unit’s channel digit is stored on A4. 


c. Decade Select signal stores the unit’s digit and ten’s display digit on whichever 
Logic assembly has a Close address equal to the ten’s channel digit stored on A4. 


d. “Execute” signal causes the Logic assembly to close the relays of the channel 
corresponding to the unit’s digit stored on the assembly. The unit’s digit and ten’s display 
digit stored on the Logic assembly are transferred to the Display assembly. 


7-A-15. Channel Clearing. 
7-A-16. There are four different ways to open all relays on one or all options: 


a. Turn On. At the time of instrument turn-on, all data storage registers are cleared 
and all relays opened. 


b. Decade Clear Address. The Channel Closure sequence opens all relays of a decade 
if the Logic assembly has a Clear address equal to the ten’s channel digit. In Step 3 the 
Decade Select signal “clears” the unit’s and ten’s storage registers to an invalid digit code 
that causes the Execute signal in Step 4 to open all the relays of the decade. 


c. “Clear” Instruction or Command. Instruction ‘‘C’’, or SDC or DCL command is 
received by the A4 assembly and gives a Decades Clear signal which acts as a decade Clear 
address but instead “clears” all options rather than just the ones having the Clear address. 


d. Lone Ten’s Channel Digit. A delimiter or an “execute” instruction following a ten’s 
channel digit “clears” the unit’s and ten’s data registers on A4 and gives the Decade Logic 
assemblies having a Close or Clear address equal to the ten’s channel digit. “Execute” 
signal then opens all channels of these options. 


NOTE 


The IFC universal HP—IB command does not open all relays in an option but 
does clear all accumulated data from the A4 assembly. 
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Figure 7-A4. Interface and Control Block Diagram. 
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7-A-17. INPUT DATA STORAGE BLOCK. 


7-A-18. Seven-bit-parallel ASCII characters being sent on the HP—IB are individually 
stored in U6 and U12 until they can be digested by the 3495A. This allows faster com- 
munication on the HP—IB because the 3495A is configured to allow the low-true Not 
Data Accepted (NDAC) handshake line to go high (data accepted) immediately after the 
HP—IB talker drives the Data Valid (DAV) line low (true). A new character may then be 
put on the HP—IB by a talker and allowed to settle while the 3495A is decoding the 
previous character and performing accordingly. 


7-A-19. Data Store. 


7-A-20. The U6 and U12 flip-flops transfer the seven data bits DIO] through DIO7 to 
the D1 through D7 lines when Data Store signal goes true. 


U8B  U8A U4B 
__ v 1 1 
Data Store = IFC @ (ATN+ ADR) @ DAVC 
—— 


Ready Mode 


Data Store occurs at the next Clock pulse after DAV goes true (DAV is clocked to 
become DAVC) if the HP—IB control signal, Interface Clear, is false (IFC) and either the 
HP-—IB is in the Command mode (ATN) or the 3495A is presently addressed to listen 
(ADR). 


7-A-21. Data Clear. 


7-A-22. Data Clear signal is developed by the Internal Data-Clear signal in many states of 
the Control State Machine; it “resets”? the Data Storage flip-flops to the ASCII character 
DEL which is a “no operator” character for the 3495A. The HP—IB control signal IFC 
also gives Data Clear signal when it unaddresses the 3495A; this is to prevent self- 
addressing when the last character sent on the HP—IB and stored in U6 and U12 was the 
3495A’s Listen address. 


7-A-23. HANDSHAKE BLOCK. 
7-A-24, Each character received by the 3495A during either HP—IB operating mode is 
done so with a three-line handshake technique in which the 3495A and other HP—IB 
listeners control the NRFD and NDAC lines, and the HP—IB talker controls the DAV 
line. The sequence follows: 

a. 3495A sets NRFD false and NDAC true, indicating that it is ready for data. 

b. HP-—IB talker puts an ASCII character on the seven data lines and sets DAV true. 


c. 3495A sets NRFD true and NDAC false and stores the data character. 


d. HP—IB talker sets DAV false, allowing the 3495A to set NRFD false and NDAC 
true to indicate readiness for the next data character as in Step 1. The Basic Handshake 
sequence is illustrated in Figure 3-2 in Section III, General HP—IB Programming. 


7-A-25. Not Ready For Data. 


7-A-26. The Not Ready For Data handshake signal is defined in Figure 7-A-5. 
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U8B U8A U7A UI19A U13C U13A U13C 
 ] st 1 1 + 4 I. 2, = ema i 
NRFD = IFC @ (ATN + ADR) @ [(ATN @ D6 e@ D7 © CBH) + (ATN @ CBH e@ ADR) + DAVC] 
— OT Se —— —m— 
Ready Mode NRED Enable I NRED Enable II NRFD Enable III 


(The 3495A is ready to (A valid non-address command (The 3495A is not (Controls NRFD 
receive commands or has been received and the ready to receive instruc- except as over- 
instructions.) 3495A is not ready for a new tions.) ridden by Enable 

ASCII character.) I or Enable II.) 


Figure 7-A-5. NRFD Defined. 


7-A-27. NRFD goes true to hold up communication on the HP—IB until the 3495A can 
recognize a character on the HP—IB and perform accordingly; this happens when the 
3495A is in the Ready mode and one of the NRFD Enable signals goes true. The 3495A 
is in the Ready mode if the HP—IB control signal IFC is false (IFC) and either the HP—IB 
is in the Command (ATN) mode or the 3495A is presently addressed to listen (ADR). 


7-A-28. NREFD Enable I is true when the HP—IB is in the ATN mode, and a non-address 
command (D6 @ D7) has just been received, and the Conditional Bus Hold (CBH) signal is 
true. CBH goes true when Clock (L) goes high at U17 (9) after a valid command (SDC, 
DCL, GET) is received in state 30, 20 or 10 and drives U4D (10) low; it is then held true 
outside of state 30, 20 or 10 by ROM U15 at U4D(9). The D6 @ D7 term goes false at the 
Data Clear signal after state 30, 20 or 10; this overrides CBH and allows commands 
(including addresses) to be sent on the HP—IB while the state machine is being clocked 


& back to state 30. 


7-A-29. NRFD Enable II is true when the HP—IB is in the Data mode (ATN), and the 
3495A is presently addressed to listen (ADR), and the CBH signal is true. CBH is true 
when the state-machine is not in state 30, 20 or 10; but it may be overridden by 
unaddressing the 3495A so that instructions can be sent to other HP--IB listeners while 
the 3495A is outside of state 30, 20 or 10. (The HP—IB must be put in the Command 
mode to unaddress the 3495A, and then be put in the Data mode to send messages to 
other listeners.) 


7-A-30. NRFD Enable III is the clocked Data Valid (DAVC) signal from an HP—IB 
talker. It goes true-and-false to control NRFD except when NRFD must be held true by 
Enable I or Enable II while the 3495A is getting ready to receive another ASCII 
character. NRFD Enable III alone controls NRFD when address commands, or 
instructions to other addressed instruments are being sent on the HP—IB. 


7-A-31. Not Data Accepted. 
7-A-32. The Not Data Accepted handshake signal is defined as follows: 


U8B U8A  U7B 


1 o) 4 
NDAC = IFC @ (ATN+ ADR) @ DAVC 
— 
Ready Mode 
It is directly controlled by the clocked Data Valid (DAVC) signal from an HP—IB talker. 
& The HP—IB control signal IFC must be false (IFC) and either the HP—IB must be in the 


Command (ATN) mode or the 3495A must be presently addressed to listen (ADR). 
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Table 7-A-2. Data Next-State Code at A4U14. 


SCANNER INPUT ASCII DATA NEXT-STATE CODE ® 
CONTROL CHARACTER CHARACTER 


HPIB COMMAND MODE 


Selected Device Clear (SDC) EOT 
Group Execute Trigger (GET) BS 
Device Clear (DCL) DC4 
No Operator All others @® 


HPIB DATA MODE 


Digit 0,1,2,3,4,5,6,7,8,9 
Space SP 

Clear Cc 
Execute CR,E 

No Operator NUL, DEL 
Delimiter All others 


® Determines which state follows state 30, 20 or 10. See Figure 3-6. 
@) Including all HP-IB address characters. 


7-A-33. INSTRUMENT ADDRESS BLOCK. 


7-A-34. Comparator U18 and gate U19B monitor the data bits DS1 through DS7 contin- 
uously during the HP—IB Command mode (ATNS at U19B) to detect the 3495A’s ASCII 
Listen address character. U19B monitors bits DS6 and DS7 for the code 01 which defines 
the group of ASCII characters of Table 7-A-2. U18 compares bits DS1 through DS5 with 
the logical levels of the Listen Address jumpers and gives the Address Enable signal when 
the two codes become identical; this defines a character within Table 3-1 in Section III, 
Operating Instructions. 


7-A-35. The Listen Address signal gives the Addressed signal when U20B flip-flop is 
clocked at pin 3. A feedback via gates U3B and U3C holds the flip-flop output at the 
same level until the Unlisten signal or Unaddress signal occurs. Unlisten signal occurs 
when the data bits DS1 through DS7 coincide with the ASCII code for ““?” and the 
HP-—IB is in the Command mode (ATNS true). Unaddress occurs when the HP—IB IFC 
line is made low (true) or when the instrument is turned on. 


7-A-36. CONTROL STATE MACHINE BLOCK. 


7-A-37. The Control State Machine is the heart of the 3495A. It regulates the reception 
of ASCII characters from the HP—IB and controls the relay decades according to the 
characters. The Not State 30/20/10 signal controls the NRFD signal in the Handshake 
circuit; and the state-number bits S1 through S5 control the decade Logic assemblies. 
Figure 7-A-6 illustrates the control state sequence. 


7-A-38. The 5 MHz Control Clock steps the state machine through its 31 states along 
routes determined by three factors: the next state after 30, 20 or 10 is determined by the 
ASCII character at the Data Next State ROM U14 (see Table 7-A-2). The next state after 
01 and the delay in states 04 and 06 are determined by the Next State Qualifier multi- 
plexer U11; all other states are selected by the Memory Next State ROM U15. The 
Memory Next State ROM also selects the most significant octal digit of each state number 
with its output bits MNS4 and MNSS; this is equivalent to selecting a row (30’s, 20’s, 
10’s or 0’s) in the Control State Diagram, Figure 7-A-6. 


7-A-39. The Select multiplexer U10 selects the Data Next State to become the least 
significant octal digit of the next state number at the next Clock pulse when the present 
state is 30, 20 or 10. The Memory Next State and Next State Qualifier are selected 
together to become the least significant octal digit of the next state number at the next 
Clock pulse when the present state is any other state than 30, 20 or 10. This selection 
between the two choices for the least significant digit is made by the Data Next State 
Enable signal from the Memory Next State ROM. 
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Figure 7-A-6. Control State Diagram. 
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7-A-40. When the Next State Qualifier and Memory Next State are selected to become 
the least significant digit of the next state number, the NSO signal from U11 becomes the 
least significant bit and thus determines whether the state number will be odd or even. 
NSQ(H) goes high to give an odd state number and route the state machine from state 01 
to 03, 04 to 05, or 06 to 07 when the 3495A has been addressed and its relays are not in 
the process of opening or closing. NSQ(H) is low to allow the 01-to-02 state change when 
the 3495A is addressed; it also holds the state machine in states 04 and 06 while relays 
are opening or closing. 


7-A-41. When the HP—IB is in the Data mode and the 3495A is addressed, the Not 
Ready For Data (NRFD) handshake line is held true (low) by Conditional Bus Hold 
(CBH) signal until the state machine enter state 30, 20 or 10. Then CBH goes false, 
allowing NRFD to go false so that a new ASCII character may be received. A complete 
handshake cycle occurs. If the received character gives a “no operator” code at the Data 
Next State ROM, the state machine remains in state 30, 20 or 10 and another character is 
received on a handshake cycle. If the character is a valid character, the state machine goes 
to state X1, X3, X4, X6 or X7 (X = 3, 2 or 1) and CBH goes true again. 


7-A-42. See the descriptions of NRFD Enable I and NRFD Enable II for the circum- 
stances when CBH is overridden to allow data characters to be sent on the HP—IB while 
the 3495A is not in state 30, 20 or 10. 


7-A-43. DECADE MANAGEMENT BLOCK. 


7-A-44. The Decade Management block contains the five signals shown on the Control 
State Diagram that control the Logic assemblies and clear the Data Storage flip-flops. 


7-A-45. Ten’s Store Signal. 


7-A-46. Ten’s channel digit received during the HP—IB Data mode is stored in the Ten’s 
Storage flip-flops by the Ten’s Store signal. This occurs in states 31, 21 and 23 for the 
following typical instruction sequences: 


TYPICAL 
INSTRUCTION 
SEQUENCE 


Ten’s channel digit, unit’s channel digit, execute 
Space, ten’s channel digit, unit’s channel digit, execute 
Space, space*, unit’s channel digit, execute 


*Accepted as ten’s channel digit zero. 


7-A-47. Decade Select Signal. 


7-A-48. A unit’s channel digit received by the 3495A develops the Decade Select signal in 
state 11. This selects a decade of channels by decoding the ten’s channel digit previously 
stored in the Ten’s Storage flip-flops. The appropriate Decade Select line from U22 causes 
the logic assembly having the appropriately wired Close address to store the unit’s 
channel digit that is presently stored in the Data Storage flip-flops U6 and U12. The ten’s 
storage data TS1 through TS3 are stored at the same time in the Ten’s Display Storage 
flip-flops on A10 or A20. 


7-A-49. Decade Select occurs in states 22 and 12 to clear decades. If a delimiter or an 
“execute” instruction is received after a ten’s channel digit, the Data Clear signal resets 
the Data Storage flip-flops to Q-low outputs in states 14 and 16. The four data lines 
D1(L) through D4(L) go low (true), giving an invalid digit code of 15. This causes the 
logic assemblies having the appropriate Close or Clear address to blank out their displays 
and open all of their relays at “‘execute”’. 
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7-A-50. Decades Clear Signal. 


7-A-51. 3495A’s with serial numbers below 142800736 will issue a Decades Clear signal 
in states 35,25, and 15 when the character ‘‘C”’ is received during the HP—IB Data mode, 
or when Selected Device Clear (SDC) is received during the Command mode. An invalid 
digit code of 15 appears at the Unit’s Storage Flip-Flops on the logic assemblies. The exe- 
cute signal in state 03 then opens all relays and blanks all the decade displays if the 
3495A is listening. 


7-A-52. On 3495A’s with serial number of 142800736 or above, the Selected Device 
Clear (SDC) command or “C” instruction is treated as a Device Clear (DCL) command if 
the scanner is listening. This results in entering state 37, 27, or 17. A scanner which is not 
listening will treat the SDC command or “C” instruction as a Carriage Return, ‘‘E”, or 
Group Execute Trigger. This results in entering state 36, 26, or 16. 


7-A-53. Decades Clear also occurs in states 37, 27 and 17 when the universal Device Clear 
(DCL) command is received in the HP—IB Command mode. All options are then cleared 
in state 03. 


7-A-54. Execute Signal. 


7-A-55. Execute signal redundantly occurs in states 03 and 04 to increase its duration. 
This is the signal that enables the Relay State Machine on the A10 and A20 Logic assem- 
blies to close and open the channel relays. The number of relays that are closed depends 
upon the number of passes through Control State 11, the “address” configuration of the 
options, and the mixture of options. 


7-A-56. Data Clear Signal. 


7-A-57. Data Clear signal occurs after each data input character, except “‘no operator”, is 
received on a handshake cycle. By “resetting” the Data Storage flip-flops after each hand- 
shake cycle, a “no operator” data code is present the next time the state machine arrives 
at state 30, 20 or 10. The ASCII character DEL at U6—U12 gives a ‘“‘no operator” Data 
Next State code at ROM U14 and holds the state machine in state 30, 20 or 10 until a 
talker can put a new character on the HP—IB. 


7-A-58. SERVICE MATERIAL. 


7-A-S9. The following pages include service material for the A4 interface and control 
assembly. Included is a troubleshooting tree, a replaceable parts list, an A4 component 
locator, an A4 block diagram, and a schematic of the A4 interface and control assembly. 
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Figure 7-A-7. 3495A A4 Assembly Troubleshooting Tree. 
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Table 7-A-3. Replaceable Parts Interface and Control A3, A4, A7. 


Deleaee HP Part Number | Oty Description ae Mfr Part Number 


A4 03 49 5- 66504 INTERFACE & CONTROL ASSY 03455-66504 
03495-69504 REBUILT EXCHANGE 03495-69504 
Aacl 0180-1743 CAPACITOR-FXD; -LUF+-10% 35V0C TA-SOLID 1500104X9035A2 
A4C2 0150-0093 CAPACITOR-FXO .OLUF #80-20% LOQWVOC CER 0150-0093 
A43 0150-0093 CAPACITOR-FXD .OLUF #80-20%3 LOOWVDC CER 0150-0093 
Aas 0150-0093 CAPACITOR-FXD .OLUF #80-20% LOOWVDOC CER 0150-0093 
a4cs 0150-0093 CAPACITOR-FXO .O1UF +#80-20% LOOWVOC CER 0150-0093 


A4Co 0150-0093 CAPACITOR-FXD .OLUF +80-20% LOOWVDC CER 0150-0093 
Aa4c7 0150-0093 CAPACITOR-FXD .OLUF +#80-20% 100WVOC CER 0150-0093 
a4ce 0180-1701 CAPACITOR-FXD; 6.8UF+#-20% 6VDC TA-SOLID 1500685X0006A2 
aac 0150-0093 CAPACITOR-FXD .OLUF +80-20% 1LOOWVOC CER 0150-0093 
A4C10 0150-0093 CAPACITGR-FXD .OLUF +80-20% LOOWWDC CER 0150-0093 


a4Cll 0150-0093 CAPACITOR-FXO .OLUF #80-20% 100WVOC CER 0150-0093 
A4Ci2 0150-0093 CAPACITOR-FXD .O1UF +80-20% LOOWVOC CER 0150-0093 


ADD CAPACITORS C14—C17 FOR S/N 1428A01196 
AND ABOVE 
A4C14 thru C17 0160-0134 CAPACITOR—FXD 220PF 300 WVDC 0160—0134 


A4Ql 1854-0071 TRANSISTOR NPN SI PD=300MW FT=200MHZ 1854-0071 


A4R1 1810-0136 RESISTIVE NETWORK: 1810-0136 
A4R2 1810-0136 RESISTIVE NETWORK: 1810-0136 
AGR3 0683-1025 RESISTOR LK 5% .25W CC TUBULAR CB1025 
AGR4 0683-4725 RESISTOR 4.7K 5% .25W CC TUBULAR CB4725 
AGR5S 0683-4725 RESISTOR 4-7K 52% .25wW CC TUBULAR CB4725 


AGRE 06863-4725 RESISTOR 4.7K 5% .25W CC TUBULAR C84725 
A4RT 0683-4725 RESISTOR 4.7K 5% 225W CC TUBULAR C84725 
ARS 0683-4725 RESISTOR 427K 5% .25W CC TUBULAR CB4725 
A4angd 0683-4725 RESISTOR 407K 5% «25W CC TUBULAR CB4725 
A4R10 0683-4725 RESISTOR 4.7K o25wW CC TUBULAR CB4725 


A4R11 0683-4725 RESISTUR 4.7K o25W CC TUBULAR CB4125 
A4R12 0683-4725 RESISTOR 4.7K 225W CC TUBULAK CB4725 
A4R13 0683-4725 RESISTOR 4.7K o25W CC TUBULAR €84725 
A4R14 0683-4725 RESISTOR 4.7K 225W CC TUBULAR C84725 
A4R15 06 83-4725 RESISTOR 4.7K «25W CC TUBULAR CB4725 


A4UL 1820-0070 IC;0GTL5GATE SN7430N 
A4U2 1820-1056 IC OGTL SN7@ 132 NQUAD SCHMIDT TRIGGER SNT4132N 
Aw; 1820-0054 ICSO0GTLSGATE SN7400N 
A4U4 1820-0054 iCSOGTLSGATE SN7T400N 
AGUS 1820-0567 IC OGTL MC 4024P MULTIVIBRATOR MC4024P 


A4SU6 1820-0839 IC DGTL SN7& 175 N FLIP-FLOP SNT4L75N 
A4uT7 1820-0621 IC DGTL SNT4 38 N BUFFER SNT438N 
A4aus 1620-0328 IC;0GTL;GATE SN7402N 
A4au9 1820-0788 IC OGTL SN7& 174 N FLIP-FLOP SNT4174N 
A4U10 1820-0616 IC;0GTLSMULTIPLEXER 93220C 


A4ull 1820-0620 IC OGTL SN7& 153 N MULTIPLEXER SNT4153N 
Asul2 1820-0839 IC OGTL SN7& 175 N FLIP-FLUP SNT74175N 
A4u13 1820-0068 IC; 0GTL;GATE SN7410N 
A4u 14 1816-0596 ICz!L ROM TTL 1616-0596 
AaU15 1816-0588 IC2KUM 1816-0588 
1816—0896 FOR S/N 1428400736 AND ABOVE REPLACES 1816-0588 1816-0588 
A4U16 1816—0587 1c: ROM 1816-0587 
A4U16 1816—0895 FOR SERIAL NO’s. 1428A00736 & ABOVE REPLACES 1816-0895 1816—0895 
A4SU17 1820-0788 IC DGTt SN7& 174 N FLIP-FLOP SNT41L74N 
A4UL8 1820-0706 IC30GTL;CCMPARATOR 9324DC 
Aauls 1820-0069 IC;0GTLSGATE SN7420N 
A4U20 1820-0077 IC DGTL SN7T4& 74 N FLIP-FLUP SNT474N 


A4U21 1620-N077 IC OGTL SN74 74 N FLIP-FLOP SN7474N 
AaU22 1820-0214 IC OGTL SN74% 42 N DECODER SN7442N 


A4avl 0410-0468 CRYSTAL» QUARTZ 5.00 MHZ 0410-0468 


A& MISCELLANEOUS 
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STANDOFF-HEX M/FEM .255-LG 6-32-THD 0380-1036 
CONNECTOR, SINGLE ROW 36 FXO MALE CONT 65274-1 
FASTENER OBD 
APPLIES TO S/N 1428A00506 & GREATER. OBD # 

REPLACES 0380—1036 


03495-04103 
1200-0473 
1200-0474 
1251-0615 
1251-3283 
0360—1647 
2190-0034 
0380-1036 
1251-3691 
1530-1098 
0380—0643 


w 
NwWWR NAR KU 


03495-66507 EXTENDER ASSY 03455-66507 
03495-26507 BUARD» BLANK PC 03495-26507 
1251-2875 CONNECTOR; PC EDGE; 22-CONT; EXTENDER 251-22-30-380 
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Figure 7-A-8. A4 Block Diagram. 
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Model 3495A Section VII 


SERVICE GROUP B 
LOW THERMAL DECADES 
Options 001 and 003, Accessories 44401A and 44403A 


Service Group B contains theory and service information for low thermal decades on the 
3495A Scanner. Options 001 and 003 are included in this service group. 
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Figure 7-B-1. Service Group B. 


Service Information on the following assemblies is in this service group. 


A5 Display Assembly 

A10 Logic Assembly 

A13 Channel Assembly 

A14 Low-Thermal Connector 
A24 Thermocouple Connector 
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SERVICE GROUP B 


7-B-1. The low thermal decade options are ten-to-one multiplexers. The scanner assem- 
blies in these options are the A5 Display Assembly, Al0 Logic Assembly, Al3 Channel 
Assembly, and Al4 or A24 terminal connector. Typical uses of low thermal options 
include ohms scanning, voltage scanning, and thermocouple temperature measurements. 


7-B-2. The A24 reference connector assembly in option 003 replaces the terminal assem- 
bly of option 001. The reference connector provides an isothermal environment and a 
thermistor tied to channel @. The thermistor is used to monitor the temperature of the 
environment. This value is then used to adjust thermocouple voltages to compensate for 
the connector reference temperature. The adjusted voltages can then be transferred into 
accurate temperature measurements. The connector and the compensation procedure are 
discussed in Section III, Applications. 


7-B-3. Information in this service group is presented as follows: 


Low Thermal Decade: Theory of Operation 
Servicing Aids 

Servicing Procedures 

Service Material 


aoap 


A10 THEORY OF OPERATION 
(Refer to Figure 7-B-8) 


7-B-4, DECADE ADDRESS BLOCK. 


7-B-5. Jumper wires placed in the Decade Close Address and Decade Clear Address 
circuits determine which digits from 0 to 7 accepted by the 3495A as ten’s channel digits 
activate (“address”) the given Low Thermal Logic assembly. For a Close address, the 
Decade Select signal from A4 gives the Ten’s Display Store, Unit’s Store and Decade 
Enable signals. Similarly, for a Clear address, the Decade Select signal gives the Unit’s 
Clear and Decade Enable signals. A Clear address overrides a Close address. The Decades 
Clear signal from A4 functions identically to a Decade Select signal via a Clear address 
jumper. 


RELAY CLOSING FLAG TO A4 
— 


RELAY OPENING FLAG TO A4 & OTHER AIO AssY'S 
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DECADE 29 QUALIFIER D> STATE 
ADDRESS SURE MACHINE 


34954 -B- 3979 


DECADE 
DISABLE 


Figure 7-6-2. Low Thermal Block Diagram. 
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TEN'S DISPLAY TRANSFER 
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7-B-6. “Execute” signal is received from A4 or A8 after Decade Enable goes true: Decade 
Execute then allows the Relay State Machine to move out of state 3 and begin the relay 


@ sequencing cycle. 


7-B-7. Decade Execute is sent back to A4 or A8 as Relay Opening Flag to hold the 
Control State Machine in state 04 (A4 only) to allow time for relay opening. Decade 
Execute is made false by Decade Disable in Relay state 4; but this does not necessarily 
make Relay Opening Flag false, as other Al0 assemblies may hold Relay Opening Flag 
false, as other Al0 assemblies may hold Relay Opening Flag low (true) via a wired-OR 
function. So, Relay Opening Flag goes false only when all A10 assemblies that have been 
addressed reach state 4. 
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Figure 7-B-3. Low Thermal State Diagram. 
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7-B-8. DECADE DATA STORAGE BLOCK. 


7-B-9. The unit’s channel digit stored in the A4 or A8 Data Storage flip-flops is trans- 
ferred to the Unit’s Storage flip-flops when a Decade Select signal from A4 or A8 gives a 
Unit’s Store signal via a decade Close address jumper. The Unit’s Storage flip-flops are 
“cleared”’ to an invalid digit code of 15 if Decade Select gives the Decade Clear signal via 
a decade Clear address jumper. 


7-B-10. At the same time that the unit’s channel digit is being stored on A10, the ten’s 
channel digit (binary code TS1—TS3) is being transferred from A4 or A8 to the Ten’s 
Display Storage flip-flops with the Ten’s Display Store signal at U12. 


7-B-11. RELAY STATE MACHINE BLOCK. 


7-B-12. The Relay Clock advances the state machine through its six states in a timing 
loop to sequence relay opening and closing. The high/low and guard relays of one channel 
are held closed or all the relays of the decade are held open in state 3 until Decade 
Execute, the 1st Qualifier, goes true, at which time the state machine is advanced by the 
Relay Clock through all of its states and returns to state 3. The previously closed 
high/low relay opens in state 2, the previously closed guard relay opens in state 0, the 
new guard relay closes in state 6, and the new high/low relay closes in state 7. The ten’s 
display digit may change in state 4 if the decade is wired for multiple Close addresses; 
and the unit’s display may change in state 6. 


7-B-13. The Decade Execute signals of all Al0 assemblies are buffered and wired 
together as an OR function to develop the Relay Opening Flag signal. Relay Opening Flag 
is the 2nd Qualifier; it may go false and allow the state machine to advance to state 6 
only when the Decade Execute signal of each A10 assembly is made false by Decade 
Disable in state 4. This ensures break-before-make operation. Relay Opening Flag is true 
during states 2 and 0 on each A10 assembly, but may be true somewhat before or after 
this interval on a particular assembly since the clocks are not synchronized. 


7-B-14. Relay Closing Flag is sent to A4 to hold the Control State Machine in state 06 to 
allow time for relay closing. It is a wired-OR function derived from the S3 signal of all 
A10 assemblies and the S2 signal of all A20 assemblies. It therefore occurs in states 4, 6 
and 7 on the A10 assemblies and in states 3 and 2 on the A20 assemblies. But it may 
occur somewhat before or after the required interval on a particular assembly since the 
Relay Clocks are not synchronized. 


7-B-15. Relay Closing Flag goes true in Relay State 4 rather than in state 6, when closure 
actually begins, to ensure that the much faster operating A4 Control State Machine will 
not miss this flag. The Control State Machine leaves state 04 when Relay Opening Flag 
goes false, and quickly advances to state 06 where it stops for the duration of Relay 
Closing Flag. By having Relay Closing Flag go true before or at the same time that Relay 
Opening Flag goes false, it is assured that the Control State Machine will not go through 
state 06 before Relay Closing Flag can go true and stop the Control State Machine in 
state 06. 


7-B-16. RELAY AND DISPLAY CONTROL BLOCK. 


7-B-17. The relay and display control circuits operate in strict accordance with the six 
states of the Relay State Machine as described. 


7-B-18. State 3. 


7-B-19. All of the channel relays are open or one is closed in state 3. High/Low Relay 
Close signal is true, enabling Q2 in conjunction with a true Relay Select signal to hold the 
high/low and guard relays of one channel closed. All Relay Select lines are high (false) if 
no relays are closed. Al is cut off, allowing only one-half of the pull-in voltage in state 7 
to be applied to the high/low relay coil. 
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7-B-20. State 2. 


7-B-21. High/Low Relay Close signal goes false, cutting off Q2 and opening the high/low 
relay that was held closed in state 3. 


7-B-22. State 0. 


7-B-23. Guard Relay Open signal ‘“‘clears” the Guard Relay Control U8 flip-flops, 
presenting an invalid digit code of 15 to the Relay Select decoder U7. All Relay Select 
lines go high to open the guard relay that was held closed in state 3. 


7-B-24. State 4. 


7-B-25. The ten’s channel digit is transferred from the ten’s Display Storage U12 flip- 
flops to the Ten’s Display Control U13 flip-flops by the Ten’s Display Transfer signal. 
Binary coded lines TD1 through TD3 pass the ten’s channel digit to the display. 


7-B-26. If the Unit’s Storage flip-flops have an invalid output digit code of 15 due to 
having been “cleared” by an invalid digit code from A4 or A8 or the Unit’s Clear signal, 
the binary bits 4 and 8 (US3 and US4) develop the Blank signal at U13 which blanks out 
the ten’s and unit’s display digits. Decade Disable signal ‘‘clears” the U6 flip-flop, making 
Decade Enable and Decade Execute (1st Qualifier) signals false. Now, the state machine 
must stop when it reaches state 3 and wait for Decade Enable to be made true again by 
another Decade Select and Execute from A4 or A8. 


7-B-27. The state machine leaves state 4 when all other Al10 assemblies reach state 4 and 
make Relay Opening Flag false. 


7-B-28. State 6. 


7-B-29. Guard Relay Close signal transfers the unit’s channel digit from U11 to the 
Guard Relay Control U8 flip-flops. The four-line binary code from U8, GR1 through 
GR4, is decoded into a single-line signal by Relay Select U7 to close a guard relay. The 
unit’s display digit is driven directly by U8 with the binary coded lines UD1 through UD4. 


7-B-30. State 7. 


7-B-31. High/Low Relay Close and Full Relay Voltage signals turn on Q2 and Q1 to close 
the high/low relay on the particular Relay Select line that was driven low in state 6. 


7-B-32. When the state machine goes back to state 3, the Full Relay Voltage signal goes 
false to reduce heat rise in the high/low relay coil but not open the relay. The reduced 
voltage on the coil also allows faster relay opening on another cycle. 


7-B-33. SERVICE MATERIAL. 


7-B-34. The following pages include service material for low thermal decade assemblies. 
Included is a conventional troubleshooting tree (Figure 7-B-4), replaceable parts lists 
(Table 7-B-1), SA test procedure flowchart (Figure 7-B-5), component locator (Figure 
7-B-6), A10 block diagram (Figure 7-B-7), and schematics (Figure 7-B-8). 
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3495A A10 Assembly 


Check Clock Hz At TP7 
= 1 kHz, If Not Suspect 
C5 


Be Sure That Close And 
Clear Address Jumpers Are 
Not The Same 


Relays Close OK But Dis- 
play Does Not Function 
Properly 


No Relays Close And No 
Display Digits Light 


Display Is Functioning But Relays Close But No Dis- 
Some Relays Do Not Close play 


Check B.C.D. To 7 Seg- *Check U11 And U12 

ment Decoders And Dis- And Their Clock And Clear 

plays On The AS Board Lines From The Close And 
Clear Address Gates 


Check U4C Display Blank 
And U13 Ten’s Display 


Suspect U7 


Control 


Check the Relays 


Check The Decade Enable 
Flip-Flop 


*Occurs Only With Channel Closure For Appropriate Decade Address. 
Check Relay State Control 


Logic Example 9830 Program For Decade Zero: 
10:CMD “?U)” 
20:Output (13,*)"” @ GE” 
30:END 

Check U8 (Guard Relay 

Control) Example 9825 Program For Decade Zero: 


10: cmd 72Uj", “OOE” 
20: end 


Figure 7-B-4. Low-Thermal Decades Troubleshooting Tree. 
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Reference 
Designation 


Alo 


Aioch 
A10C2 
A10C3 
A10C4& 
alocs 


A10C6 
ALOCT 


AlOQL 
A10Q2 


ALORL 
AlLOR2 
A10R3 
ALORS 
ALORS 


A10OR6 
ALORT 
Al0R8 
AlORO 
A1OR1LO 


A10R11 


AlOS1 
A10S2 


aloul 
Alou2 
A10U3 
A1L0U4 
A10US 


A10U6 
alou7T 
Alous 
ALOU9 
A1l0uU1L0 


AlouLL 
Alou1L2 
AL0UL3 


HP Part Number 


0349 5- 66510 


0160-2 964 
0160-2 964 
0160-2964 
0160-2964 
0180-0197 


0160-2964 
0160-2 964 


1853-0020 
1853-0020 


1810-0041 
1810-0041 
06864-3311 
0663-1035 
0683-1035 


0683-1035 
0683-1035 
0683-1035 
0683-1035 
0683-4725 


0698-3122 


1200-0473 
1200-0473 


1820-0511 
1820-0070 
1820-0070 
1820-0328 
1820-0281 


1820-0281 
1820-0491 
1820-0839 
1820-0577 
1820-1056 


1820-0839 
1820-0839 
1820-0839 


1251-1959 
1251-3535 
5000-9043 
5040-6843 


SERVICE GROUP B 


Table 7-B-1. Replaceable Parts: A10 Low Thermal Logic. 


oe Mfr Part Number 


Description 


LOW-THERMAL LOGIC ASSY 


CAPACITOR—FXU 
CAPAC ITUR-FXO 
CAPACITOR-FXO 
CAPACITOR-FXD 
CAPACITOR-FXD3 


CAPAC ITOR-FXO 
CAPACITOR-FXO 


TRANSISTOR PNP 
TRANSISTOR PNP 


CIRCUITS: PSIVS 
CIRCUIT; PSIVi 
SRESISTUR 330 GO 
RESISTOR LOK 
RESISTOR 10K 


RESISTOR LOK 
RESISTOR LOK 
RESISTOR 10K 
RESISTOR LOK 
RESISTOR 4.7K 


RESISTOR 4120HM 1% .125W FORS/N 1428A00541 


AND ABOVE 
SOCKETs ELEC; 
SUCKET; ELEC; 


IC;0GTL5GATE 
IC ;0GTL3GATE 
IC;DGTL3GATE 
IC;0GTL5GATE 
IC DGTL SNI4 


IC DGTL SN7T4 
iC OGTL SNT7T4 
IC OGTL SNI4& 
IC OGTL SNT4& 

DGTL SN74% 


OGTL SNT4 

OGTL SN74 

OGTL SNT4& 
Alo 


CONNECTOR; PC 
CONNECTURS L6- 


2OLUF +80-20% 25WV0C 
eOLUF *80-20% 25wWVv0C 
eOLUF +80-20% 25WVDL 
eOLUF +80-20% 25WVOC 
2-2UF+-10% 20V0C TA 


eOLUF +#80-20% 25WVDC 
eOLUF +80-20% 25wVDC 


SI CHIP PD=300MW 
SI CHIP PD=300MW 


NON-RPRABLE IN 
NON-RPRABLE IN 


HM LOZ .25W CC TUBULAR 


225m TUBULAR 
225 TUBULAR 


°25W TUBULAR 
o25W TUBULAR 
«25 TUBULAR 
25W TUBULAR 
5% 25w CC TUBULAR 


IC L6-CONT DIP SLDR TERM 
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SERVICE GROUP B Section VII 


7-B-35. SERVICING AIDS. 


7-B-36. The 44195A Test Kit can be used to check the low thermal reed relays for opens 
or shorts. The quick check identifies faulty relays which can then be replaced using the 
relay replacement procedure. Included in the following service material are a low thermal 
channel/display replaceable parts list (Table 7-B-2), an AS component locator (Figure 
7-B-19), an A13 component locator (Figure 7-B-20), and the low thermal channel/display 
schematic (Figure 7-B-21). 


7-B-37. SERVICING LOW THERMAL CHANNELS. 
7-B-38. Relay Replacement. 
7-B-39. The following instructions present a step-by-step procedure to replace a High/ 


Low Guard relay on the Relay Board Assembly of Options 001 and 003. Information on 
actuator relay replacement is contained in Service Group C. 


7-B-40. LOW THERMAL RELAY REPLACEMENT (Options 001 and 003). 
7-B-41. High/Low Relay Replacement. 


1. Place the SCANNER POWER switch in the OFF position. 


Hazardous voltages may be present on the terminal assemblies. Failure 
to turn off and remove all power sources associated with this unit may 
result in injury to personnel. 


2. Unscrew the Scanner Rear Panel to gain access to the relay boards as shown in 
Figure 7-B-9. 


HAZBRDOUES VOLTAGES! 
CORSULT MANE. SR 
UMNG OR Y 


PANEL SCREWS 


Figure 7-B-9. Scanner. 
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Figure 7-B-10. Removing the Terminal Assembly. 


3. Remove the Terminal Assembly (A14 or A24) board plugged into the relay 
board that contains the malfunctioning relay (see Figure 7-B-10). 


NOTE 


The Scanner is shipped from the factory with decade address () assigned 
to the left ten-channel relay assembly for channels 0@ through 09 as 
you view the instrument from the front. Decade address 1 is assigned to 
the next assembly to the right, etc. 


Figure 7-B-11. Removing the Relay Board Assembly. 
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NOTE 


& The Al4 Terminal Assembly is a ‘clean handle” board. Skin, oil, etc., 
will reduce the electrical qualities of the assembly. 


4. Remove the Relay Board Assembly as shown in Figure 7-B-11. 


5. To obtain access to the relays, remove the two screws and the female connector 
holding the hinge top to the base of the Relay Board Assembly. Refer to Figure 
7-B-12. 


oN 
FEMALE 
CONNECTOR 


RETAINING 


e SCREWS 


Figure 7-B-12. Obtaining Access to Relays. 


6. Select the correct relay to be removed from the identification chart shown in 
Figure 7-B-13. 


Figure 7-B-13. Relay Locator. 
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7. To remove the High/Low relay, first remove the two wires attached to the termi- 
nal strip, TS13A or TS13B. Then remove the last two wires from the plug, P13; 
refer to Figure 7-B-14. 


NOTE 
The relay wires connected to the terminal strip are color coded green 


and purple. The wires from the relay to the plug are white with a stripe 
(green for High, purple for Low). Take note of their locations. 


P13 


RELAY WIRE RELAY BEING 


Insure that the pliers are REMOVED REMOVED 


on the correct wire and 
that more than one wire is 
not accidentally pulled from 
the plug. 


Figure 7-B-14. Removing the High/Low Relay. 


8. Turn the assembly over to gain access to the backside of the relay. Remove the 
two screws holding the relay to board as shown in Figure 7-B-15. 


Figure 7-B-15. High/Low Relay Retaining Screw Location. 


9. Unplug the relay and replace with a good relay in the reverse order of disassem- 
bly. Figure 7-B-16 shows the relay board with a High/Low relay removed. When 
replacing the relay, the two connectors on the bottom of the relay should slide 
easily into the holes provided. Figure 7-B-17 is a complete wiring diagram of the 
relay board assembly; insure that when replacing a relay the wiring diagram is 
strictly adhered to. 
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Figure 7-B-16. High/Low Relay Removed from the Assembly. 


TS13A(3) TS13B(3) 
TS13A(4) TS13B(4) 
P13(P) P13(N) 
P13(T) P13(S) 
TS13A(3) TS13B(3) 
TS13A(4) TS13B(4) 
P13(W) P13(V) 
P13(Z) P13(Y) 
TS13A(3) TS13B(3) 
TS13A(4) TS13B(4) 
P13(c) P13(b) 
P13(f) P13(e) 
TS13A(3) TS13B(3) 
TS13A(4) TS13B(4) 
P13(k) P13(j) 
P13(p) P13(n) 
TS13A(3) TS13B(3) 
TS13A(4) TS13B(4) 
P13(t) P13(s) 
P13(w) P13(v) 


° 
° 
° 
° 
° 
° 
° 
° 


o0000000 


P13(r) 


3050 -B- 4397 


Figure 7-B-17. Relay Wiring Diagram. 


10. After the malfunctioning relay has been replaced, reassemble the board and 
insert the Low Thermal Relay Assembly and Low Thermal Terminal Assembly 
or Thermocouple Reference Connector into the Scanner. The assembly should 
be installed in the same slot it was removed from. 


NOTE I 
The female connection on the hinged section of the board must be 


plugged back into the base of the board before inserting the assembly 
into the scanner. 
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NOTE II 


Pin guards should be installed on the pins of the Low Thermal Relay 
assembly connectors to prevent damage to Relay and Terminal assem- 
bly connectors. The “Bullet” guards are available as -hp- Part Number 
03495-22100. 


. Verify the new relay is operational. 


Guard Relay Replacement. 


To obtain access to the guard relays, repeat Steps 1 — 6 of the High/Low relay 
replacement procedure. 


Using needle nose pliers, gently pull the connectors up and out from the relay 
body. Refer to Figure 7-B-18, which shows the guard relay removed from the 
board. 


NOTE 


It may be necessary to remove the adjacent connectors in order to have 
sufficient clearance to remove the malfunctioning relay. 


Lift the body of the relay up till it is cleared from the board connectors. 


Figure 7-B-18. Guard Relay Removed. 


The replacement relay would be reconnected to the board in the reverse order 
taken off. 


After the malfunctioning relay has been replaced, reassemble the board and 
insert the Low Thermal Relay Assembly and Low Thermal Terminal Assembly 
or Thermocouple Reference Connector into the Scanner. The assembly should 
be installed in the same slot it was removed from. 


NOTE I 
The female connection on the hinged section of the board must be 


plugged back into the base of the board before inserting the assembly 
into the scanner. 


NOTE II 
Pin guards should be installed on the pins of the Low Thermal Relay 
assembly connectors to prevent damage to Relay and Terminal assem- 
bly connectors. The “Bullet”’ guards are available as -hp- Part Number 
03495-22100. 


Verify the new guard relay is operational. 
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Table 7-B-2. Replaceable Parts, Low Thermal Channel/Display. 


Reference sohers Mfr 
| : HP Part Number | Ot Description Mfr Part Number 
Designation y P Code 
03495-66505 1 thru 4 LOW-THERMAL DISPLAY ASSY 28480 03455-66505 
1990-0434 3 DISPLAY NUM SEG 1 CHAR .3 IN HIGH 284680 1990-0434 
1990-0434 DISPLAY NUM SEG L CHAR 23 IN HIGH 28480 1990-0434 
0683-7515 2. RESISTOR 750 OHM 52 .25W CC TUBULAR OLL2L CB7E1L5 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR OLi2. CB7TE1L5 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR o1ll21 CB7S15 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR O1ll21 CBTS15 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR OllL2L CB7TE15 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR oll2.L CBTS15 
0683-7515 RESISTOR 750 UHM 5% .25mW CC TUBULAR oOll21 CB7515 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR OlL2L CBT£15 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR Oll2L cB7515 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR OlL2L CBTS15 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR oOll2.L CB7515 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR OLll2.L CB7515 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR OllL2.L CBTS15 
0683-7515 RESISTOR 750 OHM 5% .25W CC TUBULAR Oll2.L CBTEL5 
1820-1233 IC OGTL SNT4L 47 N DECODER 01295 SNT74L47N 
1820-1233 1C DGTL SN74L 47 N DECODER 01295 SNT4L47N 
AS MISCELLANEOUS 
1200-0474 SOCKET; ELEC; IC L4-CGNT DIP SLOR TERM 28480 1200-0474 
1251-2034 CONNECTOR$ PC EDGE; 1LO-CONT; DIP SOLDER T1785 252-10-30-300 
All 03495-66511 lthru 4 LOW-THERMAL 5-9 RELAY ASSY 28480 03495-66511 
ALICR5A 1901-0040 53. DIODE-SWITCHING 2NS 30V 50MA 28480 1901-0040 
ALLCR5B 1901-0040 DIODE-SWITCHING 2NS 30V SOMA 28480 1901-0040 
ALLCRS5C 1901-0040 DIGDE-SWITCHING 2NS 30V SOMA 28480 1901-0040 
ALLCR6A 1901-0040 OLODE-SWITCHING 2NS 30V SOMA 28480 19C1-0040 
ALLCREB 1901-0040 DIGDE-SWITCHING 2NS 30V 50MA 28480 1901-0040 
ALICREC 1901-0040 OLODE-SWITCHING 2NS 30V SOMA 28480 1901-0040 
ALLCRTA 1901-0040 DIGDE-SWITCHING 2NS 30V 5OMA 28480 1901-0040 
ALILCR7B 1901-0040 OLODE-SWITCHING 2NS 30V 50MA 28480 1901-0040 
ALIACARTC 1901-0040 DIUDE-SWITCHING 2NS 30V 5OMA 28480 1901-0040 
ALICREA 1901-0040 DIODE-SWITCHING 2NS 30V 50MA 28480 1901-0040 
ALLCR&B 1901-0040 DIUDE-SwWITCHING 2NS 30V 5OMA 28480 19C 11-0040 
ALLCREC 1901-0040 OLODE-SwWITCHING 2NS 30V SOMA 28480 1901-0040 
ALICROA 1901-0040 OLOUDE-SWITCHING 2NS 30V SOMA 28480 1901-0040 
ALLCROB 1901-0040 DLODE-SWITCHING 2NS 30V 50MA 28480 1901-0040 
ALICRIC 1901-0040 DIODE-SwWITCHING 2NS 30V 50MA 28480 19€1-0040 
ALLKSA 0490-1111 RELAY, REED 28480 O49C-L1Lil 
ALLKSB 0490-1109 RELAY, REED 28480 0490-1109 
ALLKOA 0490-LILAL RELAY, REED 28480 0490-1111 
AlLK6B 0490-1109 RELAY, REEU 28480 049C-1109 
ALLKTA 0490-LILL RELAY, REED 28480 0490-L1L1L1L 
ALLK7B 0490-1109 RELAY, REED 286480 0490-1109 
ALLKBA 0490-1111 RELAY, REED 28480 0490-LILL 
ALLKSB 0490-1109 RELAY», REED 28460 C49C-1L109 
ALLKOA 0490-LILL RELAY, REED 28480 O049C-LLLL 
A1LK9B 0490-1109 RELAY, REED 28480 0490-1109 
ALLR5-R9 06864-3311 RESISTOR 330 OHM LOZ .25W CC TUBULAR OLL2L C63311 
ALL MISCELLANEGUS 
0360-1803 TERMINAL: SOLDER LUG 00000 O80 
0380-1023 STANDOFF-RWT-ON 1.2625-LG 6-32-THD .25-0D 06540 9549-408-6-0632-3 
1251-3071 CONNECTOR; 8-CONT; MALEs POST TYPE 27264 09-56-1081(218 3-8A) 
1251-3286 CONNECTOR;i-CONT SKT .069 DIA oo779 5C8&é5-5 
1400-0760 CLAMP ; CLIP—MOUNTING ASSY, PER HP DWG 28480 1400-0760 
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Table 7-B-2. Replaceable Parts, Low Thermal Channel/Display (Cont'd). 


Sea aien HP Part Number | Oty Description as Mfr Part Number 


Al2 03495-66512 


LOW-THERMAL 0-4 RELAY ASSY 03495-66512 


AL2CROA 1901-0040 
AlL2CROB 1901-0040 
AL2CROC 1901-0040 
AL2CRIA 1901-0040 
al2cris 1901-0040 
AlaCRIC 1901-0040 


AL2ZCR2A 1901-0040 
AL2CR2B 1901-0040 
Al2ca2c 1901-0040 
ALZCR3A 1901-0040 
Al2CR3B 1901-0040 
AL2ca3c 1901-0040 


OLODE-SWETCHING 2NS 30V 5OMA 1901-0040 
DIODE-SWITCHING 2NS 30V SOMA 1901-0040 
DIODE-SWITCHING 2NS 30V 50MA 1901-0040 
OIODE-SWITCHING 2NS 30V 50MA 1901-0040 
DIODE-SWITCHING 2NS 30V SOMA 1901-0040 
OIODE-SWITCHING 2NS 30V 50MA 19C1-0040 


OLODE-SWITCHING 2NS 30V 50MA 1901-0040 
DIODE-SWITCHING 2NS 30V SOMA 1901-0040 
DIODE-SWITCHING 2NS 30V 50MA 1901-0040 
OLODE-SWITCHING 2NS 30V¥ SOMA 1901-0040 
DIODE-SWITCHING 2NS 30V SOMA 1901-0040 
DIGDE—SWITCHING 2NS 30V 50MA 1901-0040 


AL2ZCR4A 1901-0040 
AL2ZCR4B 1901-0040 
AlZCR4&C 1901-0040 


DIGDE-SWITCHING 2NS 30V SOMA 1901-0040 
DIODE-SWITCHING 2NS 30V 5OMA 1901-0040 
OLODE-SWITCHING 2NS 30V 50MA 1901-0040 


AL2KGOA 0490-1111 RELAY, REED 0490-L1i1 
AL2KOB 0490-1109 RELAY» REED 0490-1109 
Al2K1A 0490-LILL RELAY, REED 0490-LLIL 
Al2K18 0490-1109 RELAY, REED 0490-1109 
AL2K2A 0490-LLIL RELAY, REED 0490-LILL 
Al2K28 0490-1109 RELAY, REED 049C-1109 


AL2K3A 0490-1111 RELAY, REED 0490-1111 
A12K3B 0490-1109 RELAY, REED 0490-1109 
AL2ZK4A 0490-1111 RELAY, REED 0490-1111 
AL2ZK4B 0490-1109 RELAY, REED 0490-1109 


A12RO—R4 0684—3311 RESISTOR 330 OHM 10% .25W CC TUBULAR CB3311 


AlL2 MISCELLANEOUS 


0363-1 803 0363-1803 

1251-3069 CONNECTOR; 8-CONT; FEM$ POST TYPE 09-50-3081 
1251-2992 CONTACT, CONN, U/W UTILITY SER» FEM C8-50-0102 (2183-TL) 
1251-3266 CONNECTOR$1L-CONT SKT 2.069 DIA 50865-5 

1400-0760 CLAMP; CLIP-MUUNTING ASSY, PER HP OWG 1400-0760 


Al3 NONE LOW-THERMAL CHANNEL ASSY 

A13A11 03495-66511 ASSEMBLY 03495-66511 
A13A12 03495-66512 ASSEMBLY 03495-66511 
A13R10,R11 0683-1015 R: FXD COMP 1000HM 5% 1/4W CB1015 


A13 MISCELLANEOUS 


Al4 
A24 


A24RT1 


7-B-20 


1251-3828 
1251-3830 
03495—22101 


03495-64101 1 thru 4 
03495-64103 1 thru 4 


0837—0148 


CONNECTOR— 41 CONT MALE 
CONNECTOR— 41 CONT FEMALE 
PIN GUARDS: “BULLETS” 


LOW-THERMAL TERMINAL ASSY 


THERMOCOUPLE REFERENCE 
CONNECTOR ASSEMBLY 


THERMISTOR 


1251-3828 
1251-3830 
03495—22101 


03495-64101 


03495-64103 


0837-0148 


OONODOUOE 


3 


PIIA 
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Figure 7-B-19. A5 Component Locator. 
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Figure 7-B-20. A13 Component Locator. 
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Model 3495A Section VII 


SERVICE GROUP C 
ACTUATOR DECADES 
OPTION 002 ACCESSORY 44402A 


Service Group C contains theory and service information for actuator decades on the 
3495A Scanner. 
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Figure 7-C-1. Service Group C. 


Service information on the following assemblies is in this service group. 


A6 Display Assembly 
A20 Logic Assembly 
A22 Channel Assembly 
A23 Actuator Connector 
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Section VII Model 3495A 


7-C-1. Actuator decades consist of ten sets (channels) of normally open relays with four 
(4) terminals per channel. The voltage and current capabilities of actuator channels makes 
this option suited for power distribution and matrix scanning. These uses are discussed in 
Section III, Applications. 


7-C-2. Information in this service group is presented as follows: 


a. Theory 

b. Service Procedures 
c. Servicing Aids 

d. Service Material 


A20 THEORY OF OPERATION 
ACTUATOR LOGIC ASSEMBLY 


7-C-3. DECADE ADDRESS BLOCK. 


7-C-4, Jumper wires placed in the Decade Close Address and Decade Clear Address 
circuits determine which digits from 0 to 7 accepted by the 3495A as ten’s channel digits 
activate (‘‘address’’) the given Actuator Logic assembly. For a Close address, the Decade 
Select signal from A4 or A8 gives the Ten’s Display Store, Unit’s Store and Decade 
Enable signals. Similarly, for a Clear address, the Decade Select signal gives the Unit’s 
Clear and Decade Enable signals. A Clear address overrides a Close address. The Decades 
Clear signal from A4 or A8 functions identically to a Decade Select signal via a Clear 
address jumper. 


7-C-5. The “store” and “‘clear” signals developed by Decade Select accomplish a transfer 
of the ten’s and unit’s channel digits from A4 or A8 to A20 — both digits for front panel 
channel display, the unit’s digit for channel relay closure. Decade Enable signal causes the 
Relay State Machine to leave its wait state to close or open relays. 


7-C-6. DECADE DATA STORAGE BLOCK. 


7-C-7. When the Decade Select signal from A4 or A8 matches a decade Close address 
jumper number, the unit’s channel digit stored in the A4 or A8 Data Storage flip-flops is 
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Figure 7-C-2. Actuator Block Diagram. 


7-C-2 


transferred to the A20 Unit’s Storage flip-flops. At the same time the ten’s channel digit 
in the A4 Ten’s Storage flip-flops is transferred to the Ten’s Display Storage flip-flops. 
For a decade Clear address jumper, the Unit’s Storage flip-flops are ‘“‘cleared” to an 
invalid digit code of 15 which opens all of the relays of the decade and blanks the display 
at ‘‘execute”’ instruction. 


7-C-8. RELAY STATE MACHINE BLOCK. 


7-C-9. The A20 Relay State Machine is an asynchronous four-state circuit controlled 
entirely by three qualifier signals: the two external qualifiers — Decade Enable and 
Decade execute — and the internal qualifier — Flag Time. The four states form a timing 
loop that allows the relays and front panel display to change status only under certain 
conditions. 


7-C-10. States 0 and 1 demand that the first two qualifiers, Decade Enable and Decade 
Execute, must go true in this order before any relays may close or open or the display 
change. 


7-C-11. State 3 initiates the Flag Time relay delay interval and satisfies the requirement 
for a single bit transition between states in an asynchronous state machine. Transfer of 
data to the relays and display begins at this time. The state exists for only about 30 nano- 
seconds, just until the third qualifier signal, Flag Time, rises to its “true” level. Ensuring 
that Flag Time goes true in state 3 allows the inverted Flag Time signal to be used as the 
fourth qualifier in the next state, 2. 


7-C-12. State 2 is the time interval required for relays to close or open; it is set at about 
30 ms by the U1 one-shot. Relay Closing Flag is sent to A4 to hold the Control State 
Machine in state 06 while a change in relay status is taking place. Relay Closing Flag is a 
wired-OR function, derived from all logic assemblies. The state machine returns to state 
O when Flag Time goes false. 


7-C-13. RELAY AND DISPLAY CONTROL BLOCK. 


7-C-14. Any number of the ten relays of the decade may be held closed simultaneously 
by the Relay Control U10 and U6 flip-flops. The combination of relays for closure is 
transferred from the U11, U17 and U12 flip-flops to U10 and U6 on the positive edge of 
the Relay Transfer signal in states 3 and 2. The ten’s display digit is transferred from U8 
to U9 at the same time. 


7-C-15. Each time a new unit’s channel digit is received by A20 and stored in U1S, the 
Relay Select U16 decoder “‘set’’ a new Relays Selected flip-flop. This cumulative process 
stores all of the numbers of the relays to be closed. 


7-C-16. An invalid digit code of 15 from the Unit’s Storage flip-flops opens all relays of 
the decade by “resetting” the Relays Selected flip-flops with binary bits 4 and 8 (US3 
and US4). Several 3495A input instruction sequences give the invalid code: A ten’s 
channel digit followed by a delimiter or an ‘“‘execute”’ instruction causes A4 to send the 
invalid digit code to U15 on the D1(L) through D4(L) lines; this is then stored by a 
Decade Select signal corresponding to a decade Close address. A ten’s instruction digit 
corresponding to a decade Clear address “‘clears” the U15 flip-flops to the invalid digit 
code. 


7-C-17. Selected Device Clear (SDC) and the “‘C” instruction develop the decade clear 
signal if the scanner is presently addressed to listen. A universal device clear (DCL) 
command develops the decade clear signal even if the scanner is not presently addressed 
to listen. 
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Figure 7-C-3. Actuator State Diagram. 
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7-C-18. SERVICE MATERIAL. 


7-C-19. The following pages include service material for actuator decade assemblies. 
Included are conventional troubleshooting tree (Figure 7-C-4), replaceable parts lists 
(Table 7-C-1), SA test procedure flowchart (Figure 7-C-5, A20 component locator (Figure 
7-C-6), A20 Block Diagram (Figure 7-C-7), and a schematic (Figure 7-C-8). 


Table 7-C-1. Replaceable Parts Actuator Logic A20. 
3495A A20 Assembly 


Reference 
Designation 


A20 


A20C1L 
A20C2 
A20Cc3 
A20C4& 
A20C5 


A20C6 
A20CT 
A20C8 
A20Cc9 


A20CR1 


A20R1 
A20R2 
A20R3 
A20R4 
A20R5 


A20S1 
A20S2 


A20u1 
A20uU2 
A20u3 
A20U4 
A20U5 


A20U6 
A20ouT 
A20uU8 
A20uU9 
A2cuLG 


HP Part Number | Oty 


03495-66520 1 thru 4 


01 60-2 964% 
0160-2964 
0180-0309 
0160-2 964 
0160-2964 


0160-2964 
OL60-2964 
0160-2964 
0160-2964 


1901-0040 


1610-0041 
1810-0041 
0683-2235 
0683-3625 
0684-1031 


1200-0473 
1200-0473 


1820-0704 
1820-0084 
1820-0084 
1820-0070 
1820-1130 


1820-0839 
1820-0328 
1820-0839 
1820-0839 
1820-0788 


Description 


ACTUATUR LOGIC ASSY 


CAPACITOR-FXD .OLUF #80-20% 25wWVDC 
CAPACITOR-FXD .O1LUF +80-20% 25WVOC 
CAPACITOR-FXO; 4.7UF+-20% LOVOC TA 
CAPACITOR-FXO eOLUF +80-20% 25WVOC 
CAPACITOR-FXD .OLUF +80-20% 25wWVvDC 


CAPACITOR-FXD .OLUF #80-20% 25WVDC 
CAPACITOR-FXD ~OLUF #80-20% 25wvOC 
CAPACITOR-FXD .OLUF +80-20% 25WVDC 
CAPACITOR-FXD .OLUF +80-20% 25wWVDC 


DIOQDE-SWEITCHING 2NS 30V 50MA 


CIRCUIT; PSIVs; NON-RPRABLE IN 
CIRCUIT; PSIVs; NON-RPRABLE IN 
RESISTOR 22K 5% .25W CC TUBULAR 
RESISTOR 366K 5% o25w CC TUBULAR 
RESISTOR LOK LO® .25wW CC TUBULAR 


SOCKET; ELEC; IC 16-CONT DIP SLDR TERM 
SUCKET; ELEC; IC L6-CCNT OIP SLUR TERM 


IC DGTL SNT4 122 MULTIVIBRATOR 
IC DGTL SN74 GATE 

IC DOGTL SNT4 GATE 
ICsD0GTLSGATE 

iC DGTL SN74S GATE 


IC OGTL SNT74 FLIP-FLOP 
ICsDGTLsGATE 

1C DGTL SNT4 FLIP-FLOP 
IC DGTL SNT4 > FLIP-FLOP 
IC DGTL SNT74 FLIP-FLOP 


Mfr 
Code 


Mfr Part Number 


03495-66520 


0160-2964 
016C-2964% 
15004 75X001L0A2 
016C-2964 
0160-2964 


0160-2964 
016C-2964 
016C-2964 
0160-2964 


1901-0040 


1810-0041 
1810-0041 
C82235 
CB83é25 
Cé1c3l 


120C-0473 
120C-0473 


SNT41L22N 
SN7453N 
SN7453N 
SN7430N 
SN74S133N 


SN741L75N 
SNT402N 

SN741L75N 
SN7T4175N 
SNT4174N 


Relays Close OK But Units 
Digit Display Has Missing 
Digits 


Most Probable Cause Of 
Failure Are The Individual 
LED's On The A6 Board 


*Check One Shot Period 
30 M/Sec 


Be Sure That Close And 
Clear Address Jumpers Are 


Not The Same. 


Relays Close OK But Dis- 
play Does Not Function 
Properly 


Check B.C.D. To Seven 
Segment Decoder And Dis- 
play (10’s Digit Only) On 
The A6 Board 


Check U8 Ten’s Display 
Storage And U9 Ten’s Dis- 


No Relays Close And No 
Display Digits Light 


*Check U8 And U15 And 
Their Clock And Clear 
Lines From The Close And 
Clear Gates 


Check U16 Relay Select 
Decoder 


| 
a2oull 1820-1089 IC DGTL SNT4 LATCH SN74279N play Control 
A20uU12 1820-1089 IC OGTL SNT74 LATCH SN74279N 
A20uU13 1820-0471 IC DGTL SNT74 INVERTER SNT4CGON 
A20U14 1820-0471 IC UGTL SN74 IAVERTER SN74060N 
A20U1L5 1820-0839 1C UGTL SNT4 FLIP-FLUP SNT4L75N Check Relay Clear U14E 
*Occurs Only With Channel Closure For Appropriate Decade Address. Rel lected Gates 
A20UL6 1820-0214 IC DGTL SN74 DECODER SN7442N v = fees Hote ery 
17 1820-1089 IC OGTL SNT74 \ LATCH SN74Z79N é 
Aeou Example 9830 Program For Decade Zero: 
AZO MISCELLANEOUS 
2 * 10:CMD ‘‘?U)" 

1251-1959 CUNNECTORs PC EOGE; L5-CONT; EXTENDER 251-15-30-380 20-Output (13,*) “O0E” 

1251-3535 CONNECTOR; L6-CONT; MALE; RECTANGULAR 1251-3535 eT ' Check Relay Control Flip- 

5000-9043 PIN:P.Ce BUARD EXTRACTOR 500C-9043 30: END 


5040-6848 


EXTRACTUR 


504C-08648 


Example 9825 Program For Decade Zero: 


10: cmd 709,’?U)'',"“@0E” 
20: end 


Figure 7-C-4. 
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Displays Fails 
0000 *—P3U9 
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Is Are 


U7 Pin 4 These 
Signature Replace U7. Signatures Replace U16. 
17PA*—C343 Correct 


? 
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Signature 
@7HU 


YES Check U11, U17, and U12. 


Is Check Signatures. Your Signature(s) 


U14 Pin 12 U8 
Signature Replace U14. Pin 2 ACHP—@U77 
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Pin 10 0000—A4A9 


Is 
U2 Pins 
Signature 
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These 5 A ¥ Signat 
ug oe 1 Signatures Replace U8. Short U7 Pin 11. To Check Signatures. our Signature(s) 
: Correct Ground. ; U13 
Signature Replace U9. > Pin 6 P3U9*—9000 
0000—P3U9 ? 
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Pin 4 P3U9 *—0000 
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Pin 10 P3U9 *—9000 


YES 


Your Signature(s) 


Check Signatures. 


Ug 
Pin 7 00600—P3U9 re 
Pin 15 6606—P3U9 R hort. Repl YES 
Pin 2 0000—P3U9 iemone Short. eplace Are 
: w ese NO 
Signatures Replace U13. 
Correct 


Remove Short. Replace YES 
U2. 


Check Signatures. Your Signature(s) Check Signatures. Your Signature(s) 


? 


Check Addresses. 


Are 
These 
Signatures 
Correct 


Close Clear 


? U15 U14 
Pin 14 423A—P693 Pin 4 P3U9 *—0000 
YES Pin 11 ATHA—0373 Pin 8 P3U9*—9900 
Pin3 0C61—AUF8 Pin 10 P3U9*—9900 


Pin 6 369F —9235 Pin6 P3U9 *—9000 


Are 

A6U1 Pins 

4,9—15 Signatures 

P3U9*—0000 
? 


Replace U1. 


If These Are Not Correct 
Replace U14. 


Are 
These 
Signatures 
Correct 

? 


Do 
All Relays 
Fail 
? 


NO Faulty Data ‘Transfer. 
Probable Cause Is A Bad 
Flip-Flop Or Decoder. 


Reece urs. | U15. 


YES 


Replace DS1 Or Appropri- 
ate LED. 


Recheck Option 002 Basic 
Functions To Verify Pro- 
per Operation. 


YES 


Figure 7-C-5. SA Test Procedure Flowchart (SA3: 002). 
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Figure 7-C-7. A20 Block Diagram. *Indicates Predominant Signature 7-C-9/7-C-10 
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7-C-20. ACTUATOR RELAY REPLACEMENT. 


1s 


Z: 


3. 


4. 


& 


Ge 


oes 


Repeat Steps 1—4 of the High/Low Relay replacement procedure (located in 
Service Group B) to gain access to the Actuator relay board. 


Unscrew the two screws on each side of the relay board assembly and remove 
the top cover. 


Select the correct relay to be removed from the identification chart shown in 
Figure 7-C-9. 


Figure 7-C-9. Actuator Relay Locator. 


Slide the metal retainer off the relay as shown in Figure 7-C-10. 


REMOVED 
METAL RELAY 
RETAINER 


Figure 7-C-10. Actuator Relay Removed from the Board Assembly. 


Lift up on the relay to remove it from the board. 
Insert the replacement and slide the metal retainer over the relay. 
Replace the cover and side screws. 


Insert the Actuator Relay Assembly and Actuator Terminal board into the 
Scanner. The Relay Assembly should be installed in the same slot it was removed 
from. 


Verify that the new actuator relay is operational. 
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Table 7-C-2. Replaceable Parts Actuator Channel/Display A6, A21, A22, A23. 


Reference Ae Mfr : 
Designation HP Part Number | Oty Description Code Mfr Part Number 


a6 0349 5- 66506 1 thru 4 ACTUATOR DISPLAY ASSY 03495-66506 


A6CRO 1901-0040 OLODE-SWITCHING 2NS 30V 506A 1901-0040 
AécRi 1901-0040 DIGOE-SWITCHING 2NS 30V 5OMA 1901-0040 
AGCR2 1901-0040 DIOQDE-SwWITCHING 2NS 30V SOMA 1901-0040 
A6CR3 1901-0040 DIUDE-SWITCHING 2NS 30V 50MA 1901-0040 
AbCRS 1901-0040 DIOQVE-SWITCHING 2NS 30V 5OMA 1901-0040 


AGCRS 1901-0040 DIGDE-SwITCHING 2NS 30V 50MA 1901-0040 
AGCRE 1901-0040 DIODE-SWITCHING 2NS 30V 5OMA 1901-0040 
AGCRT 1901-0040 OLODE-SWITCHING 2NS 30V 50MA 1901-0040 
A6CRE 1901-0040 DIUDE-SWITCHING 2NS 30V SOMA 1901-0040 
A6CRO 1901-0040 OIGDE-SWITCHING 2NS 30V 5OMA 1901-0040 


460S0-0s9 1990-0419 LED-VISIBLE 1990-0419 
A60S10 1990-0434 OISPLAY NUM SEG 1 CHAR .3 IN HIGH 199C-0434 


A6RO 0686-4315 RESISTOR 430 OHM 5% .5W TUBULAR EB4315 
A6R1 0686-4315 RESISTOR 430 OHM 5% .5W TUBUL AR £84315 
A6R2 0686-4315 RESISTOR 430 OHM 52 .5wW TUBUL AR £84315 
AGOR3 0686-4315 RESISTOR 430 OHM 5% .5W TUBUL AR £84315 
AGRS 0686-4315 RESISTOR 430 OHM 5% .5W TUBUL AR €64315 


AGRS5S 0686-4315 RESISTOR 430 OHM 5% .5W TUBUL AR £84315 
AGRE 06 86-4315 RESISTOR 430 OHM 5% .5W TUBUL AR £64215 
AGRT 0686-4315 RESISTOR 430 OHM 5% .5W_ TUBUL AR EB4315 
AGRE 0686-4315 RESISTOR 430 OHM SW TUBUL AR EB4315 
AGRO 0666-4315 RESISTOK 430 OHM SW TUBUL AR €B4315 


A6R10 0683-7515 RESISTOR 750 OHM 25m TUBULAR CB7S15 
ABRIL 0683-7515 RESISTOR 750 OHM 25m TUBULAR CB7515 
AbR12 0683-7515 RESISTOR 750 OHM 256 TUBULAR CB7S15 
AGR1L3 0683-7515 RESISTOR 750 OHM «25 TUBULAR CB7T51L5 
AGR14 0683-7515 RESISTOR 750 OHM 250 TUBULAR CB7515 


AGR15 0683-7515 RESISTOR 750 OHM 25 TUBULAR CBTEL5 
AGR1LE 0683-7515 RESISTOR 750 OHM «25 TUBULAR CB7515 


A6UL 1820-1233 IC DGTL SN7T4L 47 N DECODER SNT4L47N 
A6é MISCELLANEOUS 


03495-67701 ANNUNCIATOR MASK 03495-87701 
03495-87702 ANNUNCIATOR MASK 03455-87702 
1200-0474 SOCKET; ELEC; IC 14-CCNT DIP SLOR TERM 1Z20C-0474 
1251-2034 CUNNECTORs PC EOGE; LO-CCNT; OIP SULODER 252-1C-30-300 
5040-5839 HOUSING, ANNUNCIATOR 504C-5839 


A2l 03495-66521 ACTUATOR RELAY ASSY 03495-66521 


A21CRO 1901-0040 DIGDE-SWITCHING 2NS 30V SOMA 1901-0040 
A21CR1L 1901-0040 OLQVE-SWITCHING 2NS 30V SOMA 1501-0040 
A2LCR2 1901-0040 DIUDE-SWITCHING 2NS 30V SOMA 1901-0040 
A21CR3 1901-0040 DIODE-SWITCHING 2NS 30V SOMA 1901-0040 
A21CR4& 1901-0040 DLODE-SwITCHING 2NS 30V 5OMA 1901-0040 


A21CR5 1901-0040 DIQDE-SWITCHING 2NS 30V 50MA 1901-0040 
A2iCR6 1901-0040 OLODE-SwITCHING 2NS 30V SOMA 1501-0040 
A21CR7 1901-0040 DIUDE-SwITCHING 2NS 30V SOMA 1901-0040 
A21LCRE 1901-0040 DIODE-SWITCHING 2NS 30V 50MA 1901-0040 
A21CR9 1901-0040 DIUDE-SWITCHING 2NS 30V 50MA 1901-0040 


A21KO 0490-0563 RELAY; L2VAC; CONT 5A LL5VDC C49C-0563 
0490-0568 SOCKET, RELAY C49C— 0568 
A2LKL 0490-0563 RELAY; L2VACs CONT 5A LISVOC 049(-0563 
0490-0568 SOCKET» RELAY 0490-0568 
A21K2 0490-0563 KELAYs L2VAC; CONT 5A 1L1I5VOC 049C-0503 
0490-0568 SOCKET» RELAY 049C- 0568 


A21LK3 0490-0563 RELAY; L2VACs CONT 5A 115V0C 049C-0563 
0490-0568 SUCKETe RELAY 0490-0568 
A21K4 0490-0563 RELAY; L2VAC; CONT 5A 115v0C 049C-0563 
0490-0568 SOCKETs RELAY 049C- 0568 
A21LK5 0490-0563 RELAY; L2VAC; CUNT 5A 115V0C 049C-0563 
0490-0568 SOCKETs RELAY 0490-0568 


A21LK6 0490-0563 RELAY; L2VAC; COUNT 5A L15VOC 2 049-0563 
0490-0568 SOCKETs RELAY C490- 0568 
A21LKT 0490-0563 RELAY; L2VAC; CONT 5A 115vDC 0490-0563 
0490-0568 SOCKETs RELAY 0490-0568 
A21LK& 0490-0563 RELAY; L2VAC3 CONT 5A L15VDC 049C~0563 
0490-0568 SUCKETs RELAY C49C- 0568 


A21LK9 0490-0563 RELAY; L2VAC; CONT 5A LLS5VDC 049C-0563 
0490- 0568 SOCKET, RELAY 043C- 0568 


A22 NONE 1 thru 4 ACTUATOR CHANNEL ASSY 


A22A21 03495-66521 ASSEMBLY 03495-66521 


A23 03495-64102 1 thru 4 ACTUATOR TERMINAL ASSY 03495-64102 
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hp Part No. 03495-66506 Ta tee 


3495A -E-391! 
, ACTUATOR DISPLAY ASSEMBLY 
Figure 7-C-11. A6 Component Locator. 03495-66506 
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Figure 7-C-12. A21 Component Locator. ( 


Figure 7-C-13. Actuator Channel/Display A6, A21, A22, A23. 
7-C-13/7-C-14 . 
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& SERVICE GROUP D 
LOW-THERMAL DUO—DECADES 
OPTIONS 004 AND 005/ACCESSORIES 44404A AND 44405A 


Service Group D contains theory and information for low thermal duo-decade scanner 
channel options. Each option 004 contains 20 measurement channels. Channel @ of 
option 005 monitors the connector temperature with a thermistor. The remaining 19 
channels are available for thermocouple connections. 


DUO-DECADES 
SERVICE GROUP D 
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SCANNER CHASSIS CONTROL f 
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Figure 7-D-1. Service Group D. 


Service information on the following assemblies is in this service group. 


A40 20 Channel Logic Assembly 

A25 20 Channel Assembly 

A45 20 Channel Connector (with Option 004) 

A46 20 Channel Thermocouple Connector (with Option 005) 
AS Display Assembly 


7-D-1 


Section VII 


7-D-2 


7-D-1. The low thermal duo-decade options are twenty-to-one multiplexers. The addi- 
tional assemblies covered in this service group are the A5 display assembly, A10 logic 
assembly, A25 channel assembly, and A45 or A46 terminal connectors. 


7-D-2. The A46 duo-decade reference connector assembly in Option 005 replaces the 
terminal assembly of Option 004. The duo-decade reference connector minimizes temp- 
erature differences between each channel and the terminals within each channel. A ther- 
mistor is used to monitor the temperature of the terminal. This value is then used to 
adjust thermocouple voltages. The adjusted voltages can then be converted into accurate 
temperature measurements. The compensation procedure is discussed in Section III, 
Applications. 


7-D-3. Information in this service group is presented as follows: 


Theory of Operation 
Servicing Aids 
Servicing Procedures 
Service Material 


acre 


A40: THEORY OF OPERATION 
7-D-4, INTRODUCTION. 


7-D-5. The A40 duo-decade logic assembly receives channel instructions from the inter- 
face and control assembly and controls the relay and display assemblies. The A40 logic is 
initialized by instrument turn-on, and relay activity begins on an Execute signal from 
the interface and control assembly. The A40 logic assembly provides AS display data and 
control and A25 relay control and drive current. 


7-D-6. DUO—DECADE ADDRESS BLOCK. 


7-D-7. The dip switch (S1) positions determine the close and open addresses for the A40 
logic assembly. The possible duo-decade addresses are 9, 2, 4 and 6. Positioning the dip 
switches is illustrated in Section III, Hardware Programming. The address selection deter- 
mines which channel instructions the relays close on and which decade instructions they 
open on. 


NOTE 
An open address overrides a close address. 


7-D-8. The Decade Close (DC) signal stores the channel programming instruction in the 
data storage block and clocks the logic delay block which delays the decade close (DC) 
signal to the close timer (establishes open priority and break-before-make synchroniza- 
tion). 


7-D-9. The Decade Open (DO) signal or the Clear signal from the interface and control 
assembly will clear all units digits from the data storage block to an invalid digit of 15 
which blanks the display and opens all the duo-decade relays. The decade open or clear 
signals also initiates the open timer sequence (through the logic delay block). 


7-D-10. DATA STORAGE BLOCK. 


7-D-11. The data storage block stores the channel ten’s and unit’s digits from the inter- 
face and control assembly upon the decade close signal from the duo-decade address 
block. The unit’s storage flip-flop is cleared to an invalid digit of 15 by the decade open 
or clear signals. 


7-D-12. LOGIC DELAY BLOCK. 


7-D-13. The logic delay block provides a small delay (about 15 microseconds) on the 
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decade close signal. This small delay establishes the open timer priority and break-before- 
make synchronization, since the decade close signal also gates the open timer. 


7-D-14. TIMER BLOCK. 


7-D-15. The timer block establishes the open and close intervals in which relays are 
instructed to open and close. The open cycle precedes the close cycle and is shorter in 
duration (220 microseconds compared to 666 microseconds). A channel close instruction 
initiates an open interval followed by a close interval. A duo-decade open instruction 
initiates only an open interval. 


7-D-16. The open timer interval is initiated by the decade open signal ‘‘and”’ and execute, 
or a decade close signal “and” an execute. The open timer signal then holds the delayed 
decade close signal until the open timer interval has ended. The end of the open timer 
interval clears the decade open signal. 


7-D-17. The delayed close signal is then gated to the close timer which begins the close 
timer interval. The close timer interval has been determined by the physical properties or 
the relays used. The interval must be long enough to allow all relays to close and a reliable 
measurement to be made. This includes time to eliminate relay bounce and coil loading 
and repeatability effects. The close timer and opening flag signals are used to clock the 
unit’s display and ten’s display data into the relay and display control flip-flops. 


7-D-18. The instant relays open is dependent upon switching speed. In general, switching 
times less than 1.6 msec cause the relays to open outside the open timer interval. 


7-D-19. The instant relays close is dependent upon switching time and relay current. In 
general, higher switching speeds and more current increase the time to close. 


7-D-20. The open and close timers are cleared by instrument turn-on. The logic delay, 
open, and close timers are R—C selectable and easily modified. 


NOTE 


Although easily modified, the factory R—C values were selected to 
guarantee minimal noise and a switching time under one (1) milli- 
second. Modifications to these values represent modifications to per- 
formance. 


7-D-21. RELAY AND DISPLAY CONTROL BLOCK. 


7-D-22. The relay and display control block functions as a BCD-to-decimal-decoder with 
a common driver and supplies BCD data to the displays. 


7-D-23. Data from the display control flip-flops is passed to the displays and serves as 
input to the relay select circuitry. The relay select circuitry is a one-out-of-twenty 
decoder which sinks current through the selected relay coil. 


7-D-24. The source for the relay current is a two-level relay coil drive circuit consisting of 
current sources Q1 and Q2. Q2 supplies the steady-state relay holding current and is con- 
trolled by the close timer (CT) signal. Q1 supplies additional switching current during the 
open timer (OT) interval. 


7-D-25. DETAILED OPERATIONAL DESCRIPTION. 


7-D-26. U7 serves as duo-decade address select decoder by logically “‘or’’ing the decade 
select lines in pairs. This establishes 4 duo-decade address possibilities of 00 through 19, 
20 through 39, 40 through 59, and 60 through 79. Switch S1 implements a low true 
“and” operation between the duo-decade select signals and the selected option CLOSE 
and OPEN addresses. 
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7-D-27. Upon a CLOSE address, U14B sets the decade close signal high, which latches 
the unit’s digit and ten’s digit information from the A4 or A8 controller assembly. The de 
signal also clocks the U15A decade close flip-flop, setting the dc signal at TP4. An 
“execute” signal gates DC through U17D to the U16B open timer, initializing the open 
timer interval (the length of which is determined by R13 x C6). 


7-D-28. The open timer (OT) signal latches the unit’s digit and ten’s digit information 
into U12 and U1O respectively, providing a second level of storage. The OT signal also 
disables the delayed DC signal at U13B. The execute signal also gates the DC signal 
through a logic delay determined by R14 x C8. The open timer (OT) signal performs 
several functions to the U16A close timer: 


a. Clears the unit’s digit flip-flop and clocks the ten’s digit flip-flop, U12 and U10 
respectively. 


b. Generates the opening flag (OF) signal to the controller assembly. 
c. Holds the delayed DC signal to the U16 close timer at Gate U13B. 
d. Clears the U15A decade close flip-flop. 


e. Provides basic drive for the Q] (initially off) relay coil drive current source. 


7-D-29. Clearing the relay select circuitry removes any current paths through the relay 
coils, which causes all relays to open. The gating at U13B is common to all options in the 
3495A. Thus, OF serves as a pacing signal to limit the transfer speed of channel data to 
the SLOWEST option installed with an open (clear) address. 


NOTE 


This is important when mixed options are used and high speed capabil- 
ity is expected. Always remove any CLEAR addresses from slower 
options in this case. 


7-D-30. Holding the DC signal at U13 creates break-before-make synchronization by 
implementing the open timer interval before the close timer interval. The decade close 
flip-flop is cleared to re-initialize the sequence and recharge C8. Q2 is initially on and 
serves as a Steady-state relay coil current source. Q1 provides the transient or switching 
relay coil current at the beginning of the close timer interval. 


7-D-31. The open timer interval lasts approximately 22 milliseconds. When OT goes low, 
the DC signal held at U13B is gated to the U16A close timer, implementing the close 
timer (CT) interval. At this point, the CT signal performs the following: 

a. Clocks data through the U12 unit’s digit flip-flop. 

b. Generates the closing flag (CF) signal to the controller assembly. 


c. Clears the U15B decade open flip-flop. 


d. Reduces base drive on the Q2 steady state relay coil drive current source (reduces 
steady-state power demands). 


7-D-32. OT remains low and CT remains high until another DC or DO signal and an “‘exe- 
cute” are present. 


7-D-33. Upon an OPEN address, U14A sets the decade open signal high. This signal or a 
“clear” signal sets the U9 unit’s storage flip-flop. This creates an invalid digit code which 
is derived by U17C. This signal is later used to blank the displays. 
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7-D-34. The decade open signal or the “clear” signal also clocks the U15B decade open 
flip-flop, thus setting DO at TPS. The DO signal is gated to the U16B open timer by an 
“execute” signal, implementing the open timer (OT) interval. The sequence from here on 
is similar to that caused by a decade close address, except that the DC signal is not 
present and thus the close timer interval is not implemented in this cycle. 


7-D-35. The invalid digit signal created by the decade open or clear signal is gated to the 
display during the open timer interval to act as an immediate blanking signal. 


7-D-36. The relay select circuitry is a one-of-twenty decoder. Decoding is arranged in 
groups of @ through 6, 7 through 13, and 14 through 19. 


7-D-37. CHANNEL CONSIDERATIONS. 


7-D-38. The A42 reed board was designed to minimize temperature differences between 
relay contacts and between channel relays through multi-layer cladded boards. A ther- 
mally insulating board separates the coil board to reduce heat transfer from the coils. The 
A22 sheet metal assembly and internal scanner chassis help reduce heat transfer from con- 
vection. 


7-D-39. The A45 and A46 connector assemblies both employ multi-layer PC board clad- 
ding to reduce the temperature difference between terminals. The overall effect is a low 
thermal offset characteristic and a small temperature gradient between terminals. 


7-D-40. For most measurement applications where relay loading is minimal, the 
maximum switching rate of 1000 channels/second applies without reservation. However, 
the high speed capability of duo-decade channels is advised for burst measurements only. 


NOTE 


Extensive use of high speed channel switching places wear on the A42 
reed relays. Reed life is a function of both reed closures and current 
loading. 


7-D-41. The following guidelines should be used to insure proper switching performance 
and maximize the life of your reeds: 


a. Do not prolong high-speed switching under heavy loading. 


b. Minimize switching transients through insertion of proper series resistors on each 
channel to be switched. This current limiting will protect your reeds from surges which 
can be generated as the channel capacitance charges through low impedance sources. An 
example may help. 


Example: Switching a 42 volt source requires current limiting to 24 mA to meet the 1 VA 
specified product. This means insertingan 875 ohm resistor in each High and Low line 
(1750 total). The result is a .0175% possible measurement error when compared to the 
10 megohm channel impedance and assuming an open circuit measurement instrument. 


7-D-42. RELAY CLOSURE SEQUENCE. 


7-D-43. Refer to Figure 7-D-2, timing relationships. The relay closure sequence is as 
follows: 


a. A valid channel close instruction is received and latched into the data storage flip- 
flops by an Execute signal. 


RELAY 
CURRENT 


(192 MONITOR) 
oie Td 
OPEN | | | [  tti(‘id 
TIMER 
bke-—-——— To ——- 4 


DECADE 

CLOSE 

DECADE 

OPEN 

CLOSING [T [ 
FLAG 

OPENING 

FLAG 


Figure 7-D-2. A40 Timing Relationships. 
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b. The logic delay timer delays relay selection by implementing the Open Timer Inter- 
val and holding the Decade Close Signal to the Close Timer. 


NOTE 
The open timer signal also clears the decade close flip-flop. 


c. The Opening Flag signal is detected by the interface and control assembly which 
halts the transfer of data to the logic assembly until the relay has opened. 


d. The Open Timer Interval ends, gating the Close Timer and implementing the Close 
Timer Interval. 


e. The Close Timer signal gates the relay and display control flip-flops which select 
the proper relay (through the Relay Select circuitry) and provide display data. 


NOTE 
The Close Timer signal also clears the decade open flip-flop. 


f. The Closing Flag signal is detected by the interface and control assembly which 
then provides more data to the logic assembly and prepares the sequence again. 


g. Current from the Relay Coil Drive circuit is sinked through the selected relay coil 
which causes the relay to close. 


h. The Close Timer interval ends and the sequence can repeat. 


7-D-44, SERVICING PROCEDURES. 


7-D-45. If a faulty reed relay or relay coil is located, the assembly may be repaired by 
replacing the component or by obtaining replacement boards from your local -hp- Sales 


and Service Office. 


The A41 and A42 PC assemblies require clean handling techniques. Use 
gloves when servicing these assemblies to avoid degrading channel 
impedances. 
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Figure 7-D-3. A42 Relay Connection Guide. 
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7-D-46. Replacing the relay board is advised to insure proper low-thermal operation and 
teed life. The coils may be replaced without affecting low thermal operation. Part 
numbers for these components and boards are in the replaceable parts list of this service 


group. 


7-D-47. Plated-through holes are available on the A42 relay assembly for use in monitor- 
ing the relay connections or for permanent connection of measurement wires. The loca- 
tion and assignment of these holes is shown in Figure 7-D-3. 


7-D-48. The reed and coil channel assignments are etched onto the A41 and A42 assem- 
blies to aid in reed and coil replacement. 


NOTE 
Here again, reed replacement is advised at a board level. 


7-D-49. SERVICE MATERIAL. 


7-D-SO. The following pages contain service material for the duo-decade assemblies. 
Included is an A40 Troubleshooting Tree (Figure 7-D-4), SA Test Procedure Flowchart 
(Figure 7-D-5), an A40 component locator (Figure 7-D-6), an A40 block diagram 
(Figure 7-D-7), replaceable parts lists (Tables 7-D-1 and 7-D-2), and schematics (Figures 
7-D-8 and 7-D-9). 
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Figure 7-D-4. 3495A Duo-Decades Troubleshooting Tree. 
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Figure 7-D-5. SA Test Procedure Flowchart (SA3: 004 & 005). 
7-D-9 


Section VII 


Table 7-D-1. Replaceable Parts. 


Model 3495A 


REFERENCE -hp- 
DESIGNATOR PART NO. DESCRIPTION MER. PART NO. 


A40 


A40C1—3 
A40C4 
A40C5 
A40C6 
A40C7 


A40C8 
A40C9 


A40CR1 
A40CR2 
A40CR3 
A40CR4 


A40J40 


A40Q1, 2 


A40R1 
A40R2 
A40R3 
A40R4 
A40R5 


A40R6, 7 
A40R8 
A40R9 
A40R10, 11 


A40R12 


A40R13 


A40R14 
A40S1 


A40U1—3 
A40U4—6 
A40U7 
A40U8—10 
A40U11 
A40U12 


A40U13 
A40U14 
A40U15 
A40U16 
A40U17 


A40U18 


7-D-10 


03495-66540 


0160-2055 
0160-3017 
0160-2055 
0160-3017 
0160-2055 


0160-0194 
0160-2055 


1901-0040 
1902-0554 
1901-0045 
1901-0040 


1251-1959 
1853-0012 


0683-5115 
0683-1305 
0683-0335 
0683-1315 
0683-3915 


0683-1035 
0683-3915 
1810-0041 
0683-1035 


0757-0460 
0698-3280 
0757-3572 


0757-1999 
0757-0449 
0757-4485 
0683-3915 


3101-2094 


1858-0047 
1820-1729 
1820-1201 
1820-1195 
1820-0577 
1820-1195 


1820-1201 
1820-1204 
1820-1212 
1820-1437 
1820-1208 


1820-1415 


LOW THERMAL LOGIC ASSEMBLY 
(OPTIONS 004 and 005) 


PC ASSY LOGIC 


CAP—FXD .01 uF 100 V 
CAP—FXD .015 uF .05 
CAP—FXD .01 uF 100 V 
CAP—FXD .015 uF .0O5 
CAP—FXD .01 uF 100 V 


CAP—F XD 15,000 pF 200 V 
CAP—FXD .01 uF 100 V 


DIO-—S! .05 A 30 V 

DIO ZNR BKDN 10 V 5% 
DIO—S! .75 A 100 V 
DIO—SI .05 A 30 V 


CONN-—PC 30(2X15) EA 
XSTR—PNP 


RES—FXD 510 2 .05 .25 W 
RES—FXD 13 2 .005 .25 W 
RES—FXD 3.3 Q .05 .25 W 
RES—FXD 130 2 .25 W5% 
RES—FXD 390 2 .05 .25 W 


RES—FXD 10 K .05 .25 W 
RES—FXD 390 2 .05 .25 W 


RES—NETWORK 9-PIN-SIP .15 PIN—SPCG 


RES—FXD 10 kQ .05 .25W 
PAD VALUE (RES—FXD) 


61.9K 1% 
63.4 K 1% 
60.4K 1% 


PAD VALUE (RES—FXD) 


21.5K 1% 

20.0K 1% 

23.2K 1% 
RES—FXD 390 2 .05 .25 


SW—TGL ASSY—ROCKER 


XSTR ARRAY DA PIN 

IC TTL LATCH 

IC—GATE TTL LS AND QUAD 2—INP 
IC—FF TTL LSD—TYPE 

IC—-INV TTL HEX I—INP 

IC FF TTL LS D—TYPE 


IC—GATE TTL LS AND QUAD 2—INP 
IC—GATE TTL LS 

IC—FF TTL LS J-K NEG—EDGE-—-TRIG 
IC—MU TTL LS MONOSTBL DUAL 
IC—NAND DUAL 4—INP 


IC SCHMITT—TRIG TTL LS NAND 


03495-66540 


0160-2055 
0160-3017 
0160-2055 
0160-3017 
0160-2055 


292P15392 
0160-2055 


1901-0040 
1902-0554 
MP497 

1901-0040 


251-15-30-380 
2N2904A 


CB5115 
CB1305 
CB33G5 
CB1315 
CB3915 


CB1035 
CB3915 
1810-0041 
CB1035 


C4-1/8-T0-6192-F 
0698-3280 
0757-3572 


0757-1999 
C4-1/8-T0-2002-F 
0757-4485 
CB3915 


76B08-RED 


1858-0047 
SN74LS259N 
SN74LSO8N 
SN74LS175N 
SN7416N 
SN74LS175N 


SN74LS08N 
SN74LS20N 
SN74LS112N 
SN74LS221N 
SN74LS32N 


SN74LS13N 


INTERFACE AND 


CONTROL 
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Figure 7-D-7. A40 Block Diagram. 
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Table 7-D-2. Replaceable Parts. 


REFERENCE -hp- 
DESIGNATOR PART NO. DESCRIPTION MFR. PART NO. 


LOW THERMAL CHANNELS 
(OPTIONS 004 AND 005) 


A5 03495-66505 PC ASSY—DSPLY 2 03495-66505 


A5DS1, 2 1990-0490 DISPLAY—NUMERIC 1990-0490 
ASR1—14 0683-7515 RES—FXD 750 2 .05 .25W CB7515 
A5U1, 2 1820-1233 TTL DCDR 1820-1233 


MISCELLANEOUS PARTS 
1200-0474 14 PIN SOCKET IC C931402 
1251-2034 CONN-PC 20(2X10) 252-10-30-300 


A25 03495-00101 HOUSING OUTER 03495-00101 
A4l 03495-66541 COIL BOARD 03495-66541 
A42 03495-66542 REED BOARD 03495-66542 
P/O KO—K19 03495-81901 REEDS 03495-81901 
A45 03495-64114 TERM ASSY 03495-64114 
A46 03495-64115 TERM ASSY TC OPTION 005 ONLY 03495-64115 


(REPLACES A45) 
A46RT1 0837-0148 THERMISTOR 0837-0148 
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SERVICE GROUPE 
FAST CONTROLLER 
OPTION 100 ACCESSORY 44413A 


Service Group E contains theory and service information on the microprocessor con- 
trolled fast controller for the 3495A Scanner. Signature analysis information is also 
included. 


DELETE: 
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CONTROL 
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INTERFACE 
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CONTROL 
ASSEMBLY 


Figure 7-E-1. Service Group E. 


Service information on the following assembly is in this service group. 
A8 Fast Controller Assembly 


Information on the 3495A signature analysis tests is included in this service group. 


Section VII 


7-E-1 


Section VII Model 3495A 


7-E-1. INTRODUCTION. 


7-E-2. The fast controller option is a microprocessor controlled replacement for the A4 
interface and control assembly. The A8 assembly is available in place of A4 in Option 
100 and as a field installable addition in accessory 44413A. 


7-E-3. The fast controller assembly uses an -hp- single chip, N-channel, 8-bit nano- 
processor and program ROM. Jumpers 1 and 2 select power supply voltages for selection 
of EROM (2708 type) or mask-programmed ROM. A 1 MHz crystal-controlled clock is 
the clock source for the fast controller. 


7-E-4. One factory selected component (R29) is on the A8 interface and control assem- 
bly. This resistor is used in the rectification circuitry for supplying a negative back-gate 
dc bias to the nanoprocessor. The back-gate bias is printed on the U12 nanoprocessor and 
R29 selected at the factory to supply this bias. A schematic table lists possible values of 
R29 and the nanoprocessor back-gate voltage delivered by each R29 value. Replacement 
of your U12 would require replacement of R29. 


7-E-5. The features of the A8 fast controller include an expanded instrument instruction 
set, software and hardware incrementation of channels, and signature analysis test capa- 
bility throughout the controller and logic assemblies. 


7-E-6. The initial increment behavior and SA test routine are selected by switches 6 and 
7 respectively on dip switch S1. Closing switch 6 initializes the 3495A in the IM mode; 
with the external increment capability disabled, closing switch 7 initiates the SA test 
routine upon turn-on. 


7-E-7. Information in this service group is presented as follows: 
a. A8 Fast Controller: Theory of Operation 


b. Signature Analysis Tests 
c. Service Material 


7-E-8. Refer to the A8 block diagram in Figure 7-E-2. 
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Figure 7-E-2. A8 Block Diagram. 
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A8 THEORY OF OPERATION 
7-E-9. HANDSHAKE BLOCK. 


7-E-10. The HP—IB handshake sequence is illustrated in Section III, General HP—IB Pro- 
gramming. Nanoprocessor direct control lines DCO through DC2 control this sequence 
when receiving data over the HP—IB. 


7-E-11. INPUT DATA AND ADDRESSING BLOCK. 


7-E-12. The device select signal DSO and DS1 are used to gate the selected instrument 
listen address/increment behavior and input data to the data bus. This information is used 
for initializing the interrupt circuitry (external increment) and implementing 3495A 
commands or instructions. 


7-E-13. EXTERNAL INCREMENT CIRCUITRY. 


7-E-14. The external increment circuitry is enabled (INT ENA high) upon instrument 
turn-on with dip switch S6 open or upon execution of an “I1” instruction. Once enabled, 
each high-to-low transition at the external increment input jack causes the 3495A to 
increment/decrement one channel. The increment behavior and block bounderies are 
programmable and are discussed in Section III, General HP—IB Programming. 


7-E-15. Debounce capacitor C5 can be connected to the external increment input line by 
installing a jumper. This capacitor should be used for test purposes only (manual 
switching, etc.) and should be removed for burst measurement applications when high 
speed operations are required. 


7-E-16. CONTROL BLOCK. 
7-E-17. Main Control Program. 


7-E-18. Refer to the flowchart of the main control and external increment programs. 
These are shown in Figure 7-E-3. 


7-E-19. The control block consists of the U12 nanoprocessor, U10 ROM, U15 decoder, 
and associated circuitry. Upon instrument turn-on, a start-up vector initializes the NP to 
address $@@. The main control program then clears the atl line (scanner unlistens) to the 
nanoprocessor and initializes all other lines except handshake lines. 


7-E-20. The nanoprocessor enters the handshake sequence. DS1 latches data onto the 
data bus if DAV is low, and the 3495A is listening or the HP—IB is in the command 
mode. The ATN signal from the data bus is then checked to distinguish commands from 
instructions. 


7-E-21. If the data received was a command (HP—IB in the command mode), the nano- 
processor checks it for a device clear or selected device clear and atl. These commands 
result in reinitializing the handshake lines and the handshake sequence. Other commands 
are executed accordingly. 


7-E-22. If the data received was an instruction (HP—IB in the data mode), the nano- 
processor decodes it and executes it immediately or on a subsequent command mode 


trigger. 


7-E-23. The nanoprocesssor then reinitializes the handshake sequence and the routine 
repeats. 


7-E-24. EXTERNAL INCREMENT ROUTINE. 


7-E-25. The external increment signal will implement a vectored interrupt if the external 
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Figure 7-E-3. Control ROM Flowchart. 
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increment circuitry is enabled and the nanoprocessor is not currently in an interrupt 
phase. 


7-E-26. The increment routine automatically determines the first incremental channel 
number dependent on the present, first, and last channel values and sends the data to the 
logic assembly. The clear signal is then initialized and the open flag checked (A40) 
assembly in the open timer interval). 


7-E-27. When the relays have opened the relay opening flag goes high and the nano- 
processor determines the next incremental channel. 


7-E-28. The relay closing flag goes high at the end of the close timer interval signifying 
that the selected relay has closed. The nanoprocessor then returns to the main control 
program. 


7-E-29. The external increment routine allows the 3495A to change channels without 
performing the HP—IB handshake sequence. The power-up external increment capability 
of the fast controller eliminates the need to program this capability. The scanner need not 
be listening. 


7-E-30. SIGNATURE ANALYSIS TESTS. 


7-E-31. Four signature analysis routines are stored on the A8 read only memory. These 
four routines are used to generate recurring data throughout the 3495A control, logic, 
and display assemblies. With the use of an -hp- Model 5004A Signature Analyzer, this 
data can be interpreted as characteristic signatures and compared to factory values. 
To implement the SA tests, close switch 7 on the listen address dip switch. Upon turn-on 
the nanoprocessor will initialize the first SA test routine. 


7-E-31. SAG, ROM Verification Test. 


7-E-32. This test checks the ROM and nanoprocessor if the power supply signature is 
incorrect although the test set-up is correct. Test point 3(_f) provides the clock. The 
positive and negative edges at test point 4 provide the start and stop signals respectively 
for this test. Open the jumpers at the ROM output lines (Pins 9-11, 13—17). Using an 
-hp- Model 5004A Signature Analyzer, check the signatures at the pins listed in the SAQ 
troubleshooting procedure diagram. 


7-E-33. SA1, HP—IB Data Bus Tests. 
7-E-34. The second test checks the circuitry which affects the data bus. The positive and 
negative edges at test poins 1 and 2 provide the start and stop signals respectively. The 
ROM jumpers are in for all remaining tests. This test requires three configurations to 
implement its three parts. For each part, 

a. configure the circuit; 


b. Turn on the 3495A; 


c. Proceed to check the signatures as directed on the SA troubleshooting procedure 
diagram. 


CONFIGURATION 1. The first configuration is as follows: 
a. Start (_f ) and stop (1) signals at Test Point 1. 
b. All dip switches open except S7. 


c. All HP—IB data lines open. 
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CONFIGURATION 2. The second configuration is as follows: 
a. Start (_f-) and stop (¢_) signals at test point 2. 
b. All dip switches open except S7. 
c. All HP—IB data lines shorted to ground. 
CONFIGURATION 3. The third configuration is as follows: 
a. Start (f~) and stop ("¢_) signals at rest point 2. 
b. All dip switches closed. 
c. All HP—IB data lines open. 


7-E-35. The scanner should increment through all possible channels (9@ through 79) at 
approximately 1/2 second intervals. Thus, all decade and duo-decade address selections 
can be determined and all displays checked. 


7-E-36. The SA1 routine also provides known changing data throughout the logic and 
display assemblies for use in conventional troubleshooting procedures. 


7-E-37. SA2, U13 TEST. 


7-E-38. The third test checks the U13C inverter. The positive and negative edges at test 
point 2 provide the start and stop signals, respectively. The configuration need not be 
changed. 


7-E-39. SA3, INSTRUMENT TEST. 


7-E-40. The fourth test checks the remaining logic and display assemblies. The start 
(_¥-) and stop ("t_) signals are obtained at test point 1. The signatures given in the sig- 
nature tables apply for options addressed as follows: 


Option Tested Others 
Close Open (Clear) Close Open (Clear) 


0—7 None None None 


7-E-41. The SA troubleshooting procedure begins in Figure 7-E-4. The signatures are 
listed in tables located on the schematic pages in the service groups where the assem- 
blies occur, and incorporated into the procedure diagram in that service group. Spaces are 
provided next to the diagram signature blocks to pencil in your test values for quick refer- 
ence. The SA summary page preceding the procedure diagram illustrates the test 
sequence. 


7-E-42. SERVICE MATERIAL. 


7-E-43. The following pages contain service material for the fast controller assembly. 
Included is a signature analysis summary page, an SA test procedure flowchart (Figure 
7-E-4), a replaceable parts list (Table 7-E-1), and A8 component locator (Figure 7-E-5), 
an A8 block diagram (Figure 7-E-6), and a schematic (Figure 7-E-7). 
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Figure 7-E-4. P/O SA Test Procedure Flowchart (SAO thru SA3: A8). 
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Figure 7-E-4. P/O SA Test Procedure Flowchart (SAO thru SA3: A8). 
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Table 7-E-1. Replaceable Parts. 


REFERENCE -hp- 
Estonanoe: | PART NO. DESCRIPTION MER. PART NO. 


FAST CONTROLLER — OPTION 100 


A8& 
A8C1 
A8C2 
A8C3 
A8C4 
A8C5—7 9-12, 
14,15 
A8C8 
A8C13 
A8CR1,2 
A8CR3 
A8CR4 
A8CR5 
A8J5 
A8J8 
A8R1 
A8R2 
A8R3 
A8R4 
A8R5 
A8R6 
A8R7 
A8R8 
A8R9 
A8R10 
A8R11 
A8R12 
A8R13 
A8R14 
A8R15 
A8R16 
A8R17 
A8R18 
A8R19 
A8R20, 21 
A8R22 
A8R23 
A8R24 
A8R25 
A8R26 
A8R27 
A8R28 
A8R29 


A8R30 
A8R31 
A8R32 
A8S1 
A8U1 
A8U2 
A8U3—5 
A8U6 
A8U7 
A8U8 
A8U9 
A8U11 
A8U12 
A8U13, 14 
A8U15 
A8U16 
A8U17 
A8U18 
A8Y1 
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03495-66508 
0180-0228 
0160-3847 
0160-0362 
0180-0098 


0180-0197 
0180-1746 
0140-0198 
1901-0040 
1902-3030 
1902-0041 
1901-0040 
1250-0083 
1251-3283 
0757-0429 
0757-0281 
0757-0429 
0757-0281 
0757-0429 
0757-0281 
0757-0429 
0757-0281 
0757-0428 
0757-0431 
0757-0428 
0757-0431 
0757-0428 
0757-0431 
0757-0428 
0757-0431 
0757-0283 
0757-0465 
0757-0280 
0757-0283 
0757-0280 
0757-0429 
0757-0280 
0757-0429 
0757-0401 
0757-0407 
0757-0280 


0757-0440 
0698-3518 
0698-3558 
0698-0084 
0698-3225 
0757-0280 
0698-4459 


0757-0283 
1810-0269 
1810-0263 
3101-1973 
1820-1209 
1820-1144 
1820-1416 
1820-1112 
1820-1759 
1820-1200 
1820-1112 
1820-1209 
1820-1691 
1820-1199 
1820-1216 
1820-1199 
1820-1873 
1820-1240 
0410-1001 


Nm]HNWANe eS 


SCANNER CONTROL 
CAP—FXD 22 uF 15 V 
CAP—FXD .01uF 50 VDC 
CAP—FXD 510 pF 300 V 
CAP—FXD 100uF 20 V 


CAP—FXD 2.2 uF 20 V 


CAP—FXD 15 uF + 10% 20 VDC TA 


CAP—FXD 200 pF 300 V 
DIO-—SI .05 A 30 V 
DIO—BKDN 3.01 V 
DIODE—ZNR 5.11 V 5% 
DIO-—S! .05 A 30 V 
CONN RF BNC FEM SGL 
CONN 24 PIN HP—IB 
RES—FXD 1820 2 .01 .125W 
RES—FXD 2740 2 .01 .125 W 
RES—FXD 1820 2.01 .125 W 
RES—FXD 2740 © .01 .125 W 
RES—FXD 1820 2 .01 .125 W 
RES—FXD 2740 © .01 .125 W 
RES—FXD 1820 2 .01 .125 W 
RES—FXD 2740  .01 .125 W 
RES—FXD 1620 2.01 .125 W 
RES—FXD 2430 Q .01 .125 W 
RES—FXD 1620 2 .01 .125 W 
RES—FXD 2430 2 .01 .125 W 
RES—FXD 1620 2 .01 .125 W 
RES—FXD 2430 2 .01 .125 W 
RES—FXD 1620 2 .01 .125W 
RES—FXD 2430 Q .01 .125 W 
RES—FXD 2000 2 .01 .125 W 
RES—FXD 100 kQ .01 .125 W 
RES—FXD 1000 2 .01 .125 W 
RES—FXD 2000 2 .01 .125 W 
RES—FXD 1000 © .01 .125 W 
RES—FXD 1820 Q .01 .125 W 
RES—FXD 1000 © .01 .125 W 
RES—FXD 1820 2 .01 .125 W 
RES—FXD 100 2 .01 .125 W 
RES—FXD 200 2 .01 .125 W 
RES—FXD 1000 2 .01 .125 W 
PAD VALUE (RES—FXD) 

—5:20K 

—4.5: 7.32 K 

—4:4.02 K 

—3.5: 2.15 K 

—3:1.43K 

—2.5:1K 

—2: 649 K 
RES—FXD 200 © .01 .125 W 
RES—FXD 1000 2 .01 .125 W 
RES—FXD 2000 2 .01 .125 W 
RES NETWORK 9-PIN SIP 
RES NETWORK 10-PIN SIP 
SW ASSY—SL 
IC BFR TTL 
IC—GATE TTL 
IC—SCHMITT—TRIG TTL 
IC FF TTL LS D—TYPE 
IC—BFR TTL LS 
IC INV TTL 
IC FF TTL LS D—TYPE 
IC BFR TTL 
1C—MICPROC MOS 
ICINV TTL 
IC—DCDR TTL LS 
IC INV TTL 
IC—BFR TTLLS 
IC DCDR TTL 
CRYSTAL—QUARTZ 


03495-66508 
150D226X9015B2 
0160-3847 
0160-0362 
150D107X002052 


150D225X9020A2 
150D156X9020B2 


DM15F201JO300WV1CR 


1901-0040 
$Z10939-32 
CD 35622 


1901-0040 
28JR-130-1 
1251-3283 
C4-1/8-T0-1821-F 
C4-1/8-T0-2741-F 
C4-1/8-T0-1821-F 
C4-1/8-T0-2741-F 
C4-1/8-T0-1821-F 
C4-1/8-T0-2741-F 
C4-1/8-T0-1821-F 
C4-1/8-T0-2741-F 
C4-1/8-T0-1621-F 
C4-1/8-T0-2431-F 
C4-1/8-T0-1621-F 
C4-1/8-T0-2431-F 
C4-1/8-T0-1621-F 
C4-1/8-T0-2431-F 
C4-1/8-T0-1621-F 
C4-1/8-T0-2431 -F 
C4-1/8-T0-2001-F 
C4-1/8-T0-1003-F 
C4-1/8-T0-1001-F 
C4-1/8-T0-2001 -F 
C4-1/8-T0-1001-F 
C4-1/8-T0-1821-F 
C4-1/8-T0-1001-F 
C4-1/8-T0-1821-F 
C4-1/8-T0-101-F 
C4-1/8-T0-201-F 
C4-1/8-T0-1001 -F 


C4-1/8-T0-7501-F 
C4-1/8-T0-7321-F 
C4-1/8-T0-4021-F 
C4-1/8-T0-2151-F 
C4-1/8-T0-1431-F 
C4-1/8-T0-1001-F 
C4-1/8-T0-634R-F 
C4-1/8-T0-201-F 
C4-1/8-T0-1001-F 
C4-1/8-T0-2001-F 
1810-0269 
1810-0263 
11P-1028 
SN74L538N 
MC14516CP 
SN74L514N 
SN74LS74N 
DM81L597N 
9LSO5PC 
SN74LS74N 
SN74L538N 
1820-1691 
SN74L504N 
SN74LS138N 
SN74L504N 
DM81L598N 
SN745138N 
0410-1001 
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APPENDIX A 


A-1. INTRODUCTION. 


A-2. This information is provided as a general summary of 
9830A Calculator programming techniques for the Hewlett- 


Packard Model 3495A Scanner. It serves as a basic program- 
ming guide which you can refer to when developing 9830A 
programs for the 3495A Scanner. 


3495A PROGRAMMING GUIDE FOR THE -hp- MODEL 9830A CALCULATOR 


A-3. HP—IB COMMAND MODE. 


A-4. The methods shown in Table A-1 and explained in 
this section may be used to put the HP—IB in the Com- 
mand mode for addressing the calculator to talk and the 
3495A to listen, and to clear or trigger the 3495A. Literal 
commands are used when they are to be constant in the 
program; computed commands are used when they are to 
be variable, dependent upon prior INPUT, READ, ENTER, 


Table A-1. 9830A Command Methods. 


CMD” commands" 


LITERAL 
COMMANDS FORMAT B, "commands" 
OUTPUT (13,10) 256; 


FORMAT 3B 


OUTPUT (13,10) 256, command, 


command; 


COMPUTED 
COMMANDS 


OUTPUT (13,*) WBYTE 256, 
WBYTE command, 
WBYTE command; 


STAT or RBYTE statements, or computations. Table A-2 
lists the 3495A commands. 


NOTE 


A WRITE statement may be used instead of 
OUTPUT except to address the calculator to 
talk. Example 2 will not work with WRITF 
because it addresses the calculator to talk 


A-5. Literal Commands. 


A-6. The CMD statement gives the Command mode, sends 
the commands, and returns the HP—IB to the Data mode. 
CR/LF characters are not sent. String variables may be used 
in the CMD statement if the String Variables ROM is 
installed in the calculator. The “256” term gives the HP--IB 
Command mode; it may be omitted if it has previously 
been executed and the “512” term (under binary format) 
or CMD has not been executed since then. The last semi- 
colon in the OUTPUT statement suppresses CR/LF. but 
these two characters are ignored anyway by the 3495A in 
the Command mode. The ‘“‘commands” term may appear in 
the FORMAT or OUTPUT statement. The calculator keys 
that give the commands within the quote field of either 
statement are listed in Table A-3. 


Table A-2. Commands. 


Selected Device Clear (SDC) 0000100 


Group Execute Trigger (GET) 0001000 a 


Device Clear (DCL) 0010100 
My Listen Address (MLA) Table 3-1 Table 3-1 Table 3-1 


Unlisten Address (UNL) 0111111 


Scanner Must Be Listening 
With The HP-1IB In The 
Command Mode. 


Scanner Must Be Listening 
The HP-1B Must Be In 


The Command Mode To 
Address The Scanner. 
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A-7. Computed Commands. 


A-8. See Literal Commands concerning the “256” term. 
The “‘ccommand”’ term must be an expression equal to a 
decimal number in Table A-2. CR/LF are suppressed 
by the semicolon at the end of the OUTPUT statement. (In 
the free-field format—(13,*)—the CR/LF characters are 
initially suppressed by the semicolon, but they will eventu- 
ally be issued if more than 72 characters are output (contig- 
uously or not) under the free-field format, or if an END or 
STOP statement is encountered, or if the STOP key is 
pressed.) 


Table A-3. 9830A Command Keys. 


Key or SHIFT key corresponding to an 
MLA character in Table 3-1, with the 
following exception: 


*Terminal | ROM required; calculator must be in 
TEXT mode. See Terminal | ROM manual for further 
information. 


A-9. HP—IB DATA MODE (Table A-3). 


A-10. The methods shown in Table A-4 and explained in 
this section may be used to put the HP—IB in the Data 
mode and instruct the 3495A to close and open channels. 
Literal instructions are used when they are to be constant 
in the program; computed instructions are used when they 
are to be variable, dependent upon prior INPUT, READ, 
ENTER, STAT or RBYTE statements, or computations. 
CR/LF characters are automatically sent as an ‘“‘execute”’ 
instruction at the end of the OUTPUT statement; these 
characters may be suppressed by a semicolon at the end of 
the OUTPUT statement if they are not wanted at this time; 
but see Computed Commands concerning suppression of 
CR/LF under a free-field format. See Table A-5 for the list 
of instructions. 


NOTE 


A WRITE statement may be used instead of 
OUTPUT unless the calculator is addressed to 
talk in the same WRITE or related FORMAT 
statement. Example 2 will not work with 
WRITE because it addresses the calculator to 
talk. 
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Table A-4. 9830A Instruction Methods. 


10 CMD’ "instructions" 


10 FORMAT B, "instructions" 


LITERAL 
LITERAL | 20. OUTPUT (13,10)512 


10 OUTPUT (13,*)WBYTE 512, 
“instructions” 
OUTPUT (13,*)WBYTE 512, 
WBYTE instruction, 
WBYTE instruction 


COMPUTED 
INSTRUCTIONS 


FORMAT B,2F3.0 
OUTPUT (13,10)512, 


channel, channel 


COMPUTED 
CHANNELS 


A-11. Literal Instructions. 


A-12. The “instruction” term is a literal string of instruc- 
tions. The CMD statement may be used to alternately select 
the HP—IB Command and Data modes any number of times 
needed, limited only by line length; however, it always 
leaves the HP—IB in the Data mode. If it is not wanted to 
send commands, the Command mode may be effectively 
skipped by using an empty quote field as shown. The 
“512” term gives the HP—IB Data mode; it may be omitted 
unless the HP—IB has been left in the Command mode by a 
previously executed ‘‘265” term under the binary format. 
A —CMD**’— statement may be substituted for the “512” 
term. Instruction “E” is not required at the end of the 
FORMAT or OUTPUT “‘instructions” string because 
CR/LF are automatically sent as the last characters. 


Table A-5. Instructions. 


INSTRUCTION ASCII CHARACTER DECIMAL 


Digit 0,1,2,3,4,5,6,7,8,9 48 thru 57 
Space SP 
Clear Cc 
Execute Carriage Return (CR), E 
External Increment 10 
Off 
External Increment 
On 
First Channel 
Last Channel 
Software Increment 
No Operator 
Delimiter 


NUL, DEL 
Any other character 


1 thru 126* 


*With preceding exceptions 


A-13. Computed Instructions. 


A-14. The WBYTE 512 term may be omitted under the 
conditions described in Literal Instructions. The ‘“‘instruc- 
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tion” term must be an expression equal to a decimal 
number in Table A-5. 


A-15. Computed Channels. 


A-16. The ‘‘512” term may be omitted under the condi- 
tions described in Literal Instructions. The “channel” term 
must be an expression equal to one channel number 0 
to 79. Three characters are sent to the 3495A under an 
F3.0 format: space-space-digit or space-digit-digit. The 
first sequence is sent for channel numbers 0 through 9, the 
second sequence for channels 10 through 79. This method 
requires 10 msec more time per channel than the previous 
two methods because of the carriage return and line field 
characters that are automatically sent. 


A-17. A decade of channels may be opened by sending 
the ten’s channel digit under an F2.0 format followed by an 
“execute” instruction. Digits 0 through 7 clear decades 0 
through 7, digit 8 clears decade 0, and digit 9 clears decade 
ie 


A-18. EXAMPLES. 


A-19. Each of the following examples closes channel 36 
if the calculator has talk address ‘‘U’”’ and the 3495A has 
listen address “‘)’’: 


1) 10 


2) 10 
20 


3) 10 
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CMD‘’?U)",“36E” 


FORMAT B, *’?U)"’,B,““36" 
OUTPUT (13,10)256,512 


OUTPUT (13,*)WBYTE 256,WBYTE 63, 
WBYTE 85,WBYTE 41, WBYTE 512, 
WBYTE 48+3,WBYTE 48+6 


NOTE 
“85” is decimal number for ASCII “U”. 


FORMAT B,’’?U)’’,B,F3.0 
OUTPUT (13,10)256,512,36 


CMD”?U)" 
FORMAT F3.0 
OUTPUT (13,20)36 


CMD”?U)”’ 
FORMAT “3’,F2.0 
OUTPUT (13,20)6 


CMD“?U)"’ 


FORMAT 2F2.0 
OUTPUT (13,20)3,6 


A-3/A-4 
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APPENDIX B 


B-1. INTRODUCTION. 


B-2. This information is provided as a general summary of 
9825A calculator programming techniques for the Hewlett- 


Packard Model 3495A Scanner. It serves as a basic program- 
ming guide which you can refer to when developing 9825A 
programs for the 3495A Scanner. 


3495A PROGRAMMING GUIDE FOR THE -hp- MODEL 9825A CALCULATOR 


B-3. HP—IB Command Mode. 


B-4. Literal commands are sent using the CMD 7 state- 
ment as shown in Table B-1. The command statement 
places the HP—IB in the Command mode, sends the com- 
mands, and returns the HP—IB to the Data mode. The 
select code is required and must correspond to the Select 
code on the 98034A Interface Card (assumed 7 here). 
Carriage-Return and Line Feed characters are not sent when 
the CMD statement is executed. The commands within the 
quote field of the statement are ASCII characters corres- 
ponding to the commands listed in Table B-2. The 9825A 
statements that produce 3495A commands are listed in 
Table B-3. 


B-S. The 9825A is addressed to talk and the 3495A to 
listen by the select code parameter in the CMD and WRT 
statements. Addressing with these statements is shown in 
Table B-1. 


B-6. The 9825A can send special command statements to 
trigger (GET) or clear (DCL and SDC) the 3495A in the 
Command mode. The 9825A special command statements 
are shown in Table B-1. 


B-7. HP—IB Data Mode. 


B-8. Channels are programmed by instructions sent while 
the HP—IB is in the Data mode. Instructions can be sent as 
literal instruction strings, variables, or channel numbers. 
Literal instructions are used when channel numbers are 
constant in a program. Computed instructions are used 
when channel numbers are to be variable, dependent on 
prior ENT, RED, RDB, RDS statements, or computations. 
The 9825A instruction methods are listed in Table B-4. 


B-9. Literal Instructions. 


B-10. The “instructions” term is a literal string of instruc- 


Table B-1. 9825A Command Methods. 


Literal , i 
Addressing 103 cmd 7, “2W)” 


10: wrt 709 


Special 10: trg 709 
Command 10: clr 7 
Statements 


10: clr 709 


Command From Table B-2 
Group Execute Trigger 
Device Clear 


Selected Device Clear 


ROM Needed 


Extended 1/0 
Extended 1/0 
1/0 


General 


Extended 
Extended 
Extended 


(GET) 
(DCL) 
(SDC) 


Table B-2. Commands. 


Device Clear (DCL) 


Selected Device Clear (SDC) 0000100 


Group Execute Trigger (GET) 0001000 oe 


My Listen Address (MLA) Table 3-1 Table 3-1 Table 3-1 The HP-IB Must Be In 


The Command Mode To 
i ? 
dbecesl ene salt ad : : : : : Address The Scanner. 


Decimal Comments 


Scanner Must Be Listening 
With The HP-IB In The 
Command Mode. 


Scanner Must Be Listening 


B-1 
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Tabie B-3. 9825A Command Statements. 


clr 
trg 


clr 


Key Corresponding to 
MLA In Table 3-1. 


9 


tions. The CMD statement always leaves the HP—IB in the 
Data mode. The empty quote field effectively skips the 
Command mode. An “E” instruction is required at the end 
of the literal string in the CMD statement to execute the 
instructions. The WRT statement automatically sends a 
Carriage Return. 


B-11. Computed Instructions. 


B-12. The last two digits of the select code may be omitted 
if the scanner is already addressed to listen. The 7 is neces- 
sary as described before. The instruction term must ben an 
expression equal to the decimal value of the appropriate 
instruction in Table B-5. 


B-13. Computed Channels. 


B-14. The last two digits of the select code may be omit- 
ted if the scanner is already addressed to listen. The channel 
term must be an expression equal to one channel number 0 
to 79. The format specification is necessary. This method 
automatically sends Carriage Return and Line Feed 
characters. 


B-15. A decade of channels may be opened by sending the 
ten’s channel digit under an f2.0 format followed by an 
“execute” instruction. The digit 8 clears decade 0, and the 
digit 9 clears decade 1. 


B-16. Examples. 
B-17. Each of the following examples closes channel 36 if 


the calculator has talk address “U’’ and the 3495A has 
listen address ‘‘)”’. 


1) 10: cmd 7, “?U)", “36E" Literal Instruction. 
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Table B-5. Instructions. 


INSTRUCTION ASCII CHARACTER DECIMAL 


Digit G,1,2,3,4,5,6,7,8,9 48 thru 57 
Space SP 
Clear Cc 
Execute Carriage Return (CR), E 
External Increment 10 
Off 
External Increment 
On 
First Channel 
Last Channel 
Software Increment 
No Operator 
Delimiter 


NUL, DEL 
Any other character 


1 thru 126* 


*With preceding exceptions 


2) 10: wrt 709, 36” 
3) 10: wtb 741, 48+3, 48+6 


4) 10: fmt f3.0 
20: wrt 709, 36 


5) 10: ‘fmt “3', {2:0 
20: wrt 709,6 


6) 10: fmt 2f2.0 
20: wrt 709, 3,6 


Literal Instruction. 
Computed Instruction. 


Computed Channel. 
Computed Channel. 


Computed Channel. 


B-18. The following program cycles through channels 1 
through 79. The “C” instruction clears the previously 
closed channel before closing the new channel (break- 
before-make sequencing). Steps to take a measurement and 
store the data would normally occur between Steps 20 and 
30. 


10: for X=Oto 79 

20: fmt f3.0;wrt 709, “C’.X 
30: next X 

40: end 


B-19. To check channel relays, a known voltage could be 
applied to every channel (open terminals) and a dc voltage 
reading taken on each channel. Resistive or open relays can 
be determined from the stored readings. 


Table B-4. 9825A Instruction Methods. 


Literal : emd 7, ''?2U)", “Instructions” 


Instructions 


Computed 
Instructions 


: fmt 2f 3.0 


Computed 
Channels 


: wrt 709, “/nstructions’’ 


: wtb 709, /nstruction, Instruction 


: wrt 709, Channel, Channel 


ROM Needed 


Extended 1/0 
General 1/0 


General 1/0 


General 


ANGOLA 

Telectra 

Empresa Técnica de 
Equipamentos 
Eléctricos, S.A.R.L. 

R. Barbosa Rodrigues, 

41-1°DT.° 

Caixa Postal, 6487 

Luanda 

Tel: 35515/6 


ARGENTINA 
Hewlett-Packard Argentina S.A. 
Santa Fe 2035, Martinez 
6140 Buenos Aires 
Tel: 792-1239, 798-6086 
Telex: 122443 AR CIGY 
Biotron S.A.C.L_y M. 

Avda. Paseo Colon 221 

9 piso 

1399 Buenos Aires 
Tel: 30-4846/185 1/8384 
34-9356/0460/4551 
Telex: (33) 17595 BIO AR 


AUSTRALIA 


AUSTRALIA CAPITAL 
TERR. 

Hewlett-Packard Australia Pty. 
Ltd. 

121 Wollongong Street 

Fyshwick, 2609 

Tel: 804244 

Telex: 62650 


NEW SOUTH WALES 

Hewlett-Packard Australia Pty. 
Ltd. 

31 Bridge Street 

Pymble, 2073 

Tel: 4496566 

Telex: 21561 


QUEENSLAND 

Hewlett Packard Australia Pty, 
Lid. 

5th Floor 

Teachers Union Building 

495-499 Boundary Street 

Spring Hill, 4000 

Tel: 2291544 

SOUTH AUSTRALIA 

Hewlett-Packard Australia Pty, 
Ltd. 

153 Greenhill Road 

Parkside, 5063 

Tel: 2725911 

Telex: 82536 


VICTORIA 

Hewlett-Packard Australia Pty. 
Lid. 

31-41 Joseph Street 

Blackburn, 3130 

Tel: 89-6351 

Telex: 31024 MELB 


WESTERN AUSTRALIA 

Hewlett-Packard Australia Pty. 
Lid. 

141 Stirling Highway 

Nedlands, 6009 

Tel: 3865455 

Telex: 93859 


AUSTRIA 
Hewlett-Packard Ges.m.b.H. 
Wehlistrasse 29 

P.O. Box 7 

A-1205 Vienna 

Tel: 35-16-21-0 

Telex: 13582/135066 
Hewlett-Packard Ges.m.b.H. 
Wehlistrasse, 29 

A-1205 Wien 

Tel: 35-16-21 

Telex: 135066 


BAHRAIN 

Medical Only 

Wael Pharmacy 

P.O. Box 648 

Bahrain 

Tel: 54886, 56123 

Telex: 8550 WAEL GJ 

Al Hamidiya Trading and 
Contracting 

P.O. Box 20074 

Manama 

Tel: 259978, 259958 

Telex: 8895 KALDIA GJ 


BANGLADESH 

The General Electric Co. of 
Bangladesh Ltd. 

Magnet House 72 
Dilkusha Commercial Area 
Motijhell, Dacca 2 
Tel:°252415, 252419 
Telex: 734 


BELGIUM 

Hewlett-Packard Benelux 
S.AJN.V. 

Avenue du Col-Vert, 1, 

‘Groenkraaglaan) 

8-1170 Brussels 

Tel: (02) 660 50 50 

Telex: 23-494 paloben bru 


BRAZIL 

Hewlett-Packard do Brasil 
1.e.C. Ltda. 

Alameda Rio Negro, 750 

Alphaville 

06400 Barueri SP 

Tel: 429-3222 

Hewlett-Packard do Brasil 
Le.C. Lida. 

Rua Padre Chagas, 32 

90000-Pérto Alegre-RS 

Tel: 22-2998, 22-5621 

Hewlett-Packard do Brasil 
1.e.C. Lida. 

Av. Epitacio Pessoa, 4664 

22471-Rio de Janelro-RJ 

Tel: 286-0237 

Telex: 021-21905 HPBR-BR 


CANADA 
ALBERTA 


Hewlett-Packard (Canada) Ltd. 


11620A - 168th Street 
Edmonton T5M 319 
Tel: (403) 452-3670 
TWX: 610-831-2431 


Hewlett-Packard (Canada) Ltd. 


210, 7220 Fisher St. S.E. 
Calgary 12H 2H8 

Tel: (403) 253-2713 
TWX: 610-821-6141 


BRITISH COLUMBIA 


Hewlett-Packard (Canada) Ltd. 


10691 Shellbridge Way 
Richmond V6X 2W7 
Tel: (604) 270-2277 
TWX: 610-925-5059 


MANITOBA 
Hewlett-Packard (Canada) Ltd. 
380-550 Century St. 

St. James, 

Winnipeg R3H OY 1 

Tel: (204) 786-6701 

TWX: 610-671-3531 


NOVA SCOTIA 


Hewlett-Packard (Canada) Ltd. 


P.O, Box 931 

800 Windmill Road 
Dartmouth B38 1L1 
Tel: (902) 469-7820 
TWX: 610-271-4482 


ONTARIO 


Hewlett-Packard (Canada) Ltd. 


1020 Morrison Dr. 
Ottawa K2H 8K7 
Tel; (613) 820-6483 
TWX: 610-563-1636 


Hewlett-Packard (Canada) Ltd. 


6877 Goreway Drive 
Mississauga L4V 1M8 

Tel: (416) 678-9430 

TWX: 610-492-4246 
Hewlett-Packard (Canada) Ltd. 
552 Newbold Street 
London N6E 2S5 

Tel: (519) 686-9181 

TWX: 610-352-1201 


QUEBEC 


Hewlett-Packard (Canada) Ltd. 


275 Hymus Blvd. 
Pointe Claire HOR 1G7 
Tel: (514) 697-4232 
TWX: 610-422-3022 


FOR CANADIAN 
AREAS NOT 
LISTED: 


Contact Hewlett-Packard (Can- 


ada) Ltd. in Mississauga. 


CHILE 

Jorge Calcagni y Cia, Lida, 
Arturo Burhle 065 

Casilla 16475 

Correo 9, Santiago 

Tel: 220222 

Telex: JCALCAGNI 


COLOMBIA 

Instrumentaci6n 

Henrik A. Langebaek & Kier 
S.A. 

Carrera 7 No. 48-75 

Apartado Aéreo 6287 

Bogoté, 1D.E. 

Tel: 269-8877 

Telex: 44400 


Instrumentaci6n 

H.A. Langebaek & Kier S.A. 
Carrera 63 No. 49-A-31 
Apartado 54098 
Medellin 

Tel; 304475 


COSTA RICA 

Cientifica Costarricense S.A. 
Avenida 2, Calle 5 

San Pedro de Montes de Oca 
Apartado 10159 

San José 

Tel; 24-38-20, 24-08-19 
Telex: 2367 GALGUR CR 


CYPRUS 

Kypronics 

19 Gregorios Xenopoulos 
Street 

P.O. Box 1152 

Nicosia 

Tel: 45628/29 

Telex: 3018 


CZECHOSLOVAKIA 
Hewlett-Packard 

Obchodni zastupitelstvi v CSSR 
Pisemny styk 

Post. schranka 27 

CS 118.01 Praha 011 

CSSR 


Vyvojova a Provozni Zakladna 

Vyzkumnych Ustavu v 
Bechovicich 

CSSR-25097 Bechovice u 
Prahy 

Tel: 89 93 41 

Telex: 12133 


Institute of Medical Bionics 

Vyskumny Ustav Lekarskej 
Bioniky 

Jediova 6 

CS-88346 Bratisiava- 
Kramare 

Tel: 44-551 

Telex: 93229 


DENMARK 
Hewlett-Packard A/S 
Datavej 52 

OK-3460 Birkerod 
Tel: (02) 81 66 40 
Telex: 37409 hpas dk 


Hewlett-Packard A/S 
Navervej 1 

DK-8600 Silkeborg 
Tel: (06) 82 71 66 
Telex: 37409 hpas dk 


ECUADOR 

CYEDE Cia. Ltda. 

P.O. Box 6423 CCI 

Av. Eloy Alfaro 1749 
Quito 

Tel; 450-975, 243-052 
Telex: 2548 CYEDE ED 


Medical Only 
Hospitalar S.A. 
Casilla 3590 
Robles 625 
Quito 

Tel: 545-250 


EGYPT 

LE.A. 

International Engineering 
Associates 

24 Hussein Hegazi Street 

Kasr-el-Aini 

Cairo 

Tel: 23 829 

Telex: 93830 


SAMITRO 

Sami Amin Trading Office 
18 Abdel Aziz Gawish 
Abdine-Cairo 

Tel: 24932 


EL SALVADOR 

IPESA 

Bulevar de los Heroes 11-48 
Edificio Sarah 1148 

San Salvador 

Tel: 252787 


ETHIOPIA 
Abdella Abdulmalik 
P.0. Box 2635 
Addis Ababa 
Tel: 1193 40 


FINLAND 
Hewlett-Packard Oy 
Revontulentie, 7 
SF-02100 Espoo 10 
Tel: (90) 455 0211 
Telex: 121563 hewpa sf 


FRANCE 

Hewlett-Packard France 

Zone d'aclivites de 
Courlaboeut 

Avenue des Tropiques 

Boite Postale 6 

91401 Orsay-Cédex 

Tel: (1) 907 78 25 

TWX; 600048F 


Hewlett-Packard France 
Chemin des Mouilles 
BP. 162 

69130 Ecully 

Tel: (78) 33 81 25 
TWX: 310617F 
Hewlett-Packard France 
20, Chemin de La Cépiére 
31081 Toulouse 

Le Mirail-Cédex 

Tel: (61) 40 11 12 


Hewlett-Packard France 

Le Ligoures 

Place Romée de Villeneuve 
13100 Aix-en-Provence 
Tel: (42) 59 41 02 

TWX: 410770F 


Hewlett-Packard France 
2, Allee de la Bourgonette 
35100 Rennes 

Tel: (99) 51 42 44 

TWX: 740912F 


Hewlett-Packard France 

18, rue du Canal de la Marne 
67300 Schiltigheim 

Tel: (88) 83 08 10 

TWX: 89014 1F 


Hewlett-Packard France 
Immeuble péricentre 

rue van Gogh 

59650 Villeneuve D'Ascq 
Tel: (20) 91 41 25 

TWX: 160124F 


Hewlett-Packard France 

B&timent Ampére 

Rue de la Commune de Paris 

B.P. 300 

93153 Le Blanc Mesnil- 
Cédex 

Tel: (01) 931 88 50 

Telex: 211032F 


Hewlett-Packard France 
Av. du Pdt. Kennedy 
33700 Merignac 

Tel: (56) 97 01 81 


Hewlett-Packard France 
Immeuble Lorraine 
Boulevard de France 
91035 Evry-Cédex 
Tel: 077 96 60 

Telex: 6923 15F 


Hewlett-Packard France 
23 Rue Lothaire 

57000 Metz 

Tel: (87) 65 53 50 


GERMAN FEDERAL 
REPUBLIC 
Hewlett-Packard GmbH 
Vertriebszentrale Frankfurt 
Berner Strasse 117 
Postfach 560 140 
0-6000 Frankfurt 56 
Tel; (06011) 50041 
Telex: 04 13249 hpttm d 


Hewlett-Packard GmbH 
Technisches BUro B&blingen 
Herrenberger Strasse 110 
D-7030 Bdblingen, 
Wurttemberg 

Tel: (07031) 667-1 

Telex: 07265739 bbn 


Hewlett-Packard GmbH 

Technisches BUro DUsseldorf 

Emanuel-Leutze-Str, 1 
(Seestern) 

D-4000 Dusseldort 

Tel: (0211) 5971-1 

Telex: 085/86 533 hpdd d 


Hewlett-Packard GmbH 
Technisches BUro Hamburg 
Kapstadtring 5 

0-2000 Hamburg 60 

Tel: (040) 63804-1 

Telex: 21 63 032 hphh d 


Hewlett-Packard GmbH 
Technisches Biro Hannover 
Am Grossmarkt 6 

0-3000 Hannover 91 

Tel: (0511) 46 60 01 

Telex: 092 3259 
Hewlett-Packard GmbH 
Technisches BUro NUrnberg 
Neumeyerstrasse 90 
0-8500 NUrnberg 

Tel: (0911) 52 20 83 
Telex: 0623 860 


Hewlett-Packard GmbH 
Technisches BUro MUnchen 
Eschenstrasse 5 

0-8021 Taufkirchen 
Tel: (089) 6117-1 

Telex: 0524985 
Hewlett-Packard GmbH 
Technisches BUro Berlin 
Kaithstrasse 2-4 

D-1000 Berlin 30 

Tel: (030) 24 90 86 
Telex: 018 3405 hpbin d 


GREECE 

Kostas Karayannis 

8 Omirou Street 

Athens 133 

Tel: 32 30 303/32/37 731 
Telex: 21 59 62 RKAR GR 


GUAM 

Guam Medical Supply, inc. 
Suite C, Airport Plaza 

P.O. Box 8947 
Tamuning 96911 

Tel: 646-4513 


GUATEMALA 

IPESA 

Avenida Retorma 3-48 

Zona 9 

Guatemala City 

Tel: 316627, 314786, 
66471-5, ext. 9 

Telex: 4192 Teletro Gu 


HONG KONG 

Hewlett-Packard Hong Kong 
Lid. 

11th Floor, Four Seas Bldg. 

212 Nathan Rd. 

Kowloon 

Tel: 3-697446 (5 lines) 

Telex: 36678 HX 


Medical/Analytical Only 

Schmidt & Co. (Hong Kong) 
Ltd. 

Wing On Centre, 28th Floor 

Connaught Road, C. 

Hong Kong 

Tel: 5-455644 

Telex: 74766 SCHMX HX 


INDIA 

Blue Star Ltd, 

Sahas 

414/2 Vir Savarkar Marg 
Prabhadevi 

Bombay 400 025 

Tel: 45 78 87 

Telex: 011-4093 


Blue Star Lid. 

Band Box House 
Prabhadevi 
Bombay 400 025 
Tel: 45 73 01 
Telex: 011-3751 


Blue Star Lid. 

Bhavdeep 

Stadium Road 
Ahmedabad 380 014 
Tel; 43922 

Telex: 012-234 


Blue Star Ltd. 

7 Hare Street 
Calcutta 700 001 
Tel: 23-0131 

Telex: 021-7655 


Blue Star Lid 
Bhandari House 

91 Nehru Place 

New Delhi 110 024 
Tel: 682547 

Telex: 031-2463 


Blue Star Lid 

T.C. 7/603 ‘Poornima’ 
Maruthankuzhi 
Trivandrum 695 013 
Tel: 65799 

Telex: 0884-259 


Blue Star Lid 

11 Magarath Road 
Bangalore 560 025 
Tel: 55668 

Telex: 0845-430 


Blue Star Ltd. 

Meeakshi Mandiram 

XXXXV/1379-2 Mahatma 
Gandhi Rd. 

Cochin 682 016 

Tel; 32069 

Telex: 085-514 

Blue Star Ltd. 

1-1-117/1 Sarojini Devi Road 

Secunderabad 500 033 

Tel: 70126 

Telex: 0155-459 

Blue Star Ltd. 

133 Kodambakkam High Road 

Madras 600 034 

Tel; 82057 

Telex: 041-379 


ICELAND 

Medical Only 

Elding Trading Company Inc. 
Hafnarnvoli - Tryggvagdtu 
P.O. Box 895 
IS-Reykjavik 

Tel: 1 58 20/1 63 03 


INDONESIA 

BERCA Indonesia P.T. 
P.O. Box 496/Jkt. 

Jin. Abdul Muis 62 
Jakarta 

Tel: 349255, 349886 
Telex: 46748 BERSIL IA 


SALES OFFICES 


Arranged alphabetically by country 


BERCA Indonesia P.T. 
P.O. Box 174/Sby 
23 Jin, Jimerto 
Surabaya 

Tel: 42027 


IRELAND 


Hewlett-Packard Ltd. 
Kestrel House 
Clanwilliam Place 
Lower Mount Street 
Dublin 2, Eire 


Hewlett-Packard Lid. 
2C Avongberg Ind, Est. 
Long Mile Road 
Dublin 12 

Tel: 514322/5 14224 
Telex: 30439 

Medical Only 

Cardiac Services (Ireland) Ltd. 
Kilmore Road 

Artane 

Dublin 5, Eire 

Tel: (01) 315820 
Medical Only 

Cardiac Services Co. 
Q5A Finaghy Rd. South 
Belfast BT 10 OBY 
GB-Northern Ireland 
Tel: (0232) 625566 
Telex: 747626 


ISRAEL 

Electronics Engineering Div 
of Motorola Israel Ltd 

16, Kremenetski Street 

P.O. Box 25016 

Tel-Aviv 

Tel: 38973 

Telex: 33569, 34164 

ITALY 


Hewlett-Packard Italiana S.p.A. 


Via G. Di Vittorio, 9 

20063 Cernusco Sul 
Naviglio (Mi) 

Tel: (2) 903691 

Telex: 334632 HEWPACKIT 


Hewlett-Packard Italiana S.p.A. 
Via Turazza, 14 

35100 Padova 

Tel: (49) 664888 

Telex: 430315 HEWPACK! 


Hewlett-Packard Italiana S.p.A. 
Via G. Armeliini 10 

1-00143 Roma 

Tel: (06) 54 69 61 

Telex: 610514 


Hewlett-Packard Italiana S.p.A. 
Corso Giovanni Lanza 94 
|-10133 Torino 

Tel: (011) 659308 

Telex: 221079 


Hewlett-Packard Italiana S.p.A 
Via Principe Nicola 43 G/C 
1-95126 Catania 

Tel: (095) 37 05 04 

Telex: 970291 


Hewlett-Packard Italiana S.p.A. 

Via Nuova san Rocco A 
Capadimonte, 62A 

80131 Napoli 

Tel: (081) 710698 


Hewlett-Packard Italiana S.p.A, 
Via Martin Luther King, 38/111 
1-40132 Bologna 

Tel: (051) 402394 

Telex: 511630 


JAPAN 

Yokogawa-Hewlett-Packard 
Lid 

29-21, Takaido-Higashi 
3-chome 

Suginami-ku, Tokyo 168 

Tel: 03-331-6111 

Telex: 232-2024 YHP-Tokyo 

Yokogawa-Hewlett-Packard 
Lid. 

Chuo Bidg,, 4th Floor 

4-20, Nishinakajima 5-chome 

Yodogawa-ku, Osaka-shi 

Osaka, 532 

Tel: 06-304-6021 

Telex: 523-3624 

Yokogawa-Hewlett-Packard 
Lid. 


Sunitomo Seimei Nagaya Bldg. 


11-2 Shimosasajima-cho, 

Nakamura-ku, Nagoya, 450 

Tel: 052 571-5171 

Yokogawa-Hewlett-Packard 
Lid. 

Tanigawa Building 

2-24-1 Tsuruya-cho 

Kanagawa-ku 

Yokohama, 221 

Tel: 045-312-1252 

Telex: 382-3204 YHP YOK 


Yokogawa-Hewlett-Packard 
Lid. 

Mito Mitsui Building 

105, 1-chome, San-no-maru 

Mito, Ibaragi 310 

Tel: 0292-25-7470 

Yokogawa-Hewlett-Packard 
Ltd. 

Inoue Building 

1348-3, Asahi-cho, 1-chome 

Atsugi, Kanagawa 243 

Tel: 0462-24-0452 

Yokogawa-Hewlett-Packard 
Ltd. 

Kumagaya Asahi 

Hachijuni Building 

4th Floor 

3-4, Tsukuba 

Kumagaya, Saitama 360 

Tel: 0485-24-6563 


JORDAN 

Mouasher Cousins Co 
P.O. Box 1387 
Amman 

Tel: 24907/39907 
Telex: SABCO JO 1456 


KENYA 
ADCOM Ltd., Inc. 
P.O. Box 30070 
Nairobi 

Tel: 331955 
Telex: 22639 


Medical Only 


International Aeradio (E.A.) Ltd. 


P.O. Box 19012 
Nairobi Airport 
Nairobi 

Tel: 336055/56 
Telex: 22201/22301 


Medical Only 


International Aeradio (E.A.) Ltd. 


P.O. Box 95221 
Mombasa 


KOREA 

Samsung Electronics Co., Ltd 
4759 Shingil-6-Dong 

Yeong Deung POU 

Seoul 

Tel: 833-4122, 4121 

Telex: SAMSAN 27364 


KUWAIT 

Al-Khaldiya Trading & 
Contracting 

P.O. Box 830-Safat 

Kuwait 

Tel: 42 4910/41 1726 

Telex: 2481 Areeg kt 


LUXEMBURG 

Hewlett-Packard Beneluz 
S.A/N.V. 

Avenue du Col-Vert, 1 

(Groenkraaglaan) 

8-1170 Brussels 

Tel: (02) 660 5050 

Telex: 23 494 


MALAYSIA 
Hewlett-Packard Sales 
(Malaysia) Sdn. Bhd 
Suite 2.21/2.22 
Bangunan Angkasa Raya 
Jalan Ampang 

Kuala Lumpur 

Tel: 483680, 485653 


Protel Engineering 

P.O. Box 1917 

Lot 259, Satok Road 

Kuching, Sarawak 

Tel: 53544 

MEXICO 

Hewlett-Packard Mexicana, 
S.A. de C.V. 

Av. Periférico Sur No. 6501 

Tepepan, Xochimilco 

Mexico 23, D.F 

Tel: 905-676-4600 

Telex: 017-74-507 

Hewlett-Packard Mexicana, 
S.A. de C.V. 

Rio Volga #600 

Col. Del Valle 

Monterrey, N.L. 

Tel: 78-32-10 


MOROCCO 
Dolbeau 

81 rue Karatchi 
Casablanca 
Tel: 3041 82 
Telex: 2305 1/22822 
Gerep 

2, rue d'Agadir 
Boile Postal 156 
Casablanca 
Tel: 272093/5 
Telex: 23 739 
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A.N. Goncalves, Ltd. 

162, 1° Apt. 14 Av, D. Luis 
Caixa Postal 107 

Maputo 

Tel: 27091, 27114 

Telex: 6-203 NEGON Mo 


NETHERLANDS 
Hewlett-Packard Benelux N.V. 
Van Heuven Goedhartlaan 121 
P.O. Box 667 

1181KK Amstelveen 

Tel: (20) 47 20 21 

Telex: 13 216 


NEW ZEALAND 
Hewlett-Packard (N.Z.) Ltd. 
4-12 Cruickshank Street 
Kilbirnie, Wellington 3 

P.O. Box 9443 

Courtney Place 
Wellington 

Tel: 877-199 


Hewlett-Packard (N.Z.) Ltd. 
P.O. Box 26-189 

169 Manukau Road 
Epsom, Auckland 

Tel: 687-159 


Analytical/Medical Only 

Northrop Instruments & 
Systems Lid., 

Sturdee House 

85-87 Ghuznee Street 

P.O. Box 2406 

Wellington 

Tel: 850-091 

Telex: NZ 31291 


Northrup Instruments & 
Systems Ltd. 

Eden House, 44 Khyber Pass 
Rd. 

P.0. Box 9682, Newmarket 

Auckland 1 

Tel: 794-091 

Northrup Instruments & 
Systems Lid. 

Terrace House, 4 Oxtord 
Terrace 

P.O. Box 8388 

Christchurch 

Tel: 64-165 


NIGERIA 

The Electronics 
Instrumentations Ltd. 

N6B/770 Oyo Road 

Oluseun House 

P.M.B. 5402 

Ibadan 

Tel: 461577 

Telex: 31231 TEIL NG 


The Electronics 
Instrumentations Ltd. 

144 Agege Motor Road, Mushin 

P.O. Box 481 

Mushin, Lagos 


NORWAY 
Hewlett-Packard Norge A/S 
Ostendalen 18 

P.O. Box 34 

1345 Osteraas 

Tel: (02) 1711 80 

Telex: 16621 hpnas n 


Hewlett-Packard Norge A/S 
Nygaardsgaten 114 

P.O. Box 4210 

5013 Nygaardsgaten, 
Bergen 

Tel: (05) 21 97 33 


PANAMA 

Electr6nico Balboa, S.A. 
Aparatado 4929 

Panama 5 

Calle Samuel Lewis 
Edificio “Alfa,” No. 2 
Ciudad de Panama 
Tel: 64-2700 

Telex: 3483103 Curundu, 
Canal Zone 


PERU 

Compafifa Electro Médica S.A. 

Los Flamencos 145 

San Isidro Casilla 1030 

Lima 1 

Tel: 41-4325 

Telex: Pub. Booth 25424 
SISIDRO 


PAKISTAN 

Mushko & Company Ltd. 
Oosman Chambers 
Abdullah Haroon Road 
Karachi-3 

Tel: 511027, 512927 
Telex: 2894 


[2] 
a 


Mushko & Company, Ltd 
10, Bazar Rd 

Sector G-6/4 
Islamabad 

Tel: 28264 


PHILIPPINES 

The Online Advanced Systems 
Corporation 

Rico House 

Amorsolo cor. Herrera Str 
Legaspi Village, Makati 
P.O. Box 1510 

Metro Manila 

Tel: 85-35-81, 85-34-91, 
85-32-21 

Telex: 3274 ONLINE 


RHODESIA 

Field Technical Sales 
45 Kelvin Road North 
P.O. Box 3458 
Salisbury 

Tel: 705231 (5 lines) 
Telex: RH 4122 


POLAND 

Biuro Informacji Techniczne} 
Hewlett-Packard 

Ul Stawki 2, 6P 

PLOO-950 Warszawa 

Tel: 39 59 62, 39 51 87 
Telex: 81 24 53 


PORTUGAL 
Telectra-Empresa Técnica de 
Equipamentos Eléctricos 

Sarl 
Rua Rodrigo da Fonseca 103 
P.O. Box 2531 
P-Lisbon 1 
Tel: (19) 68 60 72 
Telex: 12598 


Medical Only 

Mundinter 

Intercambio Mundial de 
Comércio S.a.r. 

P.O. Box 2761 

Avenida Antonio Augusto 

de Aguiar 138 

P-Lisbon 

Tel: (19) 53 21 31/7 

Telex: 16691 munter p 


PUERTO RICO 

Hewlett-Packard inter- 
Americas 

Puerto Rico Branch Office 

Calle 272, 

#203 Urb. Country Club 

Carolina 00630 

Tel: (809) 762-7255 

Telex: 345 0514 


QATAR 

Nasser Trading & Contraciing 
P.0. Box 1563 

Doha 

Tel: 22170 

Telex: 4439 NASSER 


ROMANIA 

Hewlett-Packard 
Reprezentanta 

Bd.n. Balcescu 16 

Bucuresti 

Tel: 15 80 23/13 88 85 

Telex: 10440 


SAUDI ARABIA 

Modern Electronic 

Establishment (Head Office) 

P.0. Box 1228, Baghdadiah 
Street 

Jeddah 

Tel: 27 798 

Telex: 40035 

Cable: ELECTA JEDDAH 


Modern Electronic 
Establishment (Branch) 

P.O. Box 2728 

Riyadh 

Tel: 62596/66232 

Telex: 202049 


Modern Electronic 
Establishment (Branch) 

P.0. Box 193 

Al-Khobar 

Tel: 44678-44813 

Telex: 670136 

Cable: ELECTA AL-KHOBAR 


SINGAPORE 

Hewlett-Packard Singapore 
(Pte.) Lid. 

6th Floor, Inchcape House 

450-452 Alexandra Road 

P.O. Box 58 

Alexandra Post Office 

Singapore 9115 

Tel: 631788 

Telex: HPSG RS 21486 


SOUTH AFRICA 

Hewlett-Packard South Africa 
(Pty.), Lid 

Private Bag Wendywood, 

Sandton, Transvaal, 2144 

Hewlett-Packard Centre 

Daphne Street, Wendywood, 

Sandton, 2144 

Tel: 802-5111/25 

Telex: 8-4782 

Hewlett-Packard South Africa 
(Pty.), Lid. 

P.O. Box 120 

Howard Place, 

Cape Province, 7450 


Pine Park Centre, Forest Drive, 


Pinelands, 

Cape Province, 7405 
Tel: 53-7955 thru 9 
Telex: 57-0006 


SPAIN 

Hewlett-Packard Espanola, 
SA 

Calle Jerez 3 

E-Madrid 16 

Tel; (1) 458 26 00 (10 lines) 

Telex: 23515 hpe 


Hewlett-Packard Espafiola S.A 
Colonia Mirasierra 

Edificio Juban 

c/o Costa Brava, 13 

Madrid 34 


Hewlett-Packard Espafiola, 
SA 

Milanesado 21-23 

E-Barcelona 17 

Tel: (3) 203 6200 (5 lines) 

Telex: 52603 hpbe e 


Hewlett-Packard Espafola, 
SA 

Av Ramé6n y Cajal, 1 

Edificio Sevilla, planta 9° 

E-Sevilla 5 

Tel: 64 44 54/58 


Hewlett-Packard Espafiola S.A 
Edificio Albia 7° B 
E-Bilbao | 

Tel: 23 83 06/23 82 06 


Hewlett-Packard Espanola S.A 
C/Ramon Gordillo 1 
(Entlo.) 
E-Valencia 10 
Tel: 96-361. 13.54/361 13.58 


SRI LANKA 
Metropolitan Agencies Ltd 
209/9 Union Place 
Colombo 2 

Tel: 35947 

Telex: 1377METROLTD CE 


SUDAN 
Radison Trade 
P.O. Box 921 
Khartoum 
Tel: 44048 
Telex: 375 


SURINAM 

Surtel Radio Holland N.V. 
Grote Hofstr. 3-5 

P.O Box 155 
Paramaribo 

Tel: 72118, 77880 


SWEDEN 
Hewlett-Packard Sverige AB 
Enighetsvagen 3, Fack 
S-161 Bromma 20 

Tel: (08) 730 05 50 

Telex: 10721 

Cable: MEASUREMENTS 
Stockholm 


Hewlett-Packard Sverige AB 

Frotalisgatan 30 

S-421 32 Vastra 
Frélunda 

Tel: (031) 49 09 50 

Telex: 10721 via Bromma 
office 


SWITZERLAND 

Hewlett-Packard (Schweiz) AG 

Zurcherstrasse 20 

P.O. Box 307 

CH-8952 Schlieren- 

Zurich 

Tel: (01) 7305240 

Telex: 53933 hpag ch 

Cable: HPAG CH 

Hewlett-Packard (Schweiz) AG 

Chateau Bloc 19 

CH-1219 Le Lignon- 
Geneva 

Tel: (022) 96 03 22 

Telex: 27333 hpag ch 

Cable: HEWPACKAG Geneva 


SALES OFFICES 


Arranged alphabetically by country (cont.) 


SYRIA 

General Electronic inc 

Nuri Basha-Ahnaf Ebn Kays 
Street 

P.O. Box 5781 

Damascus 

Tel: 33 24 87 

Telex: 11215 ITIKAL 

Cable: ELECTROBOR 
DAMASCUS 


Medical only 

Sawah & Co 

Place Azmé 

BP. 2308 

Damascus 

Tel: 16 367-19 697-14 268 
Telex: 11304 SATACO SY 
Cable: SAWAH, DAMASCUS 


Suleiman Hilal E| Miawi 

P.O. Box 2528 

Mamoun Bitar Street, 56-58 
Damascus 

Tel: 11 46 63 

Telex: 11270 

Cable: HILAL DAMASCUS 


TAIWAN 

Hewlett-Packard Far East Lid 
Taiwan Branch 

Bank Tower, 5th Floor 

205 Tun Hau North Road 
Taipei 

Tel: (02) 751-0404 (15 lines) 
Hewlett-Packard Far East Ltd. 
Taiwan Branch 

68-2, Chung Cheng 3rd. Road 
Kaohsiung 

Tel: (07) 2423 18-Kaohsiung 


Analytical Only 

San Kwang Instruments Co., 
Lid 

20 Yung Sui Road 

Taipei 

Tel: 36 15446-9 (4 lines) 

Telex: 22894 SANKWANG 


TANZANIA 

Medical Only 

International Aeradio (E.A.), Ltd 
P.O. Box 861 

Dar es Salaam 

Tel: 21251 Ext, 265 

Telex: 41030 


THAILAND 

UNIMESA Co. Ltd. 

Elcom Research Building 
2538 Sukumvil Ave 
Bangchak, Bangkok 
Tel: 39-32-387, 39-30-338 


TRINIDAD & 
TOBAGO 

CARTEL 

Caribbean Telecoms Lid 
P.O. Box 732 

69 Frederick Street 
Port-of-Spain 

Tel: 62-53068 


TUNISIA 

Tunisie Electronique 

31 Avenue de la Liberte 
Tunis 

Tel: 280 144 

Corema 

1 ter Av. de Carthage 
Tunis 

Tel: 253 821 

Telex: 12319 CABAM TN 


TURKEY 

TEKNIM Company Lid. 
Riza Sah Pehlevi 
Caddesi No. 7 
Kavaklidere, Ankara 
Tel: 275800 

Telex: 42155 


Teknim Com, Ltd 
Barbaros Bulvari 55/12 
Besikyas, Istanbul 
Tel: 613 546 

Telex: 23540 


EMA 

Muhendislik Kollektif Sirketi 
Medina Eidem Sokak 41/6 
YUkse! Caddest 

Ankara 

Tel: 17 56 22 


Yilmaz Ozyurek 

Milli Mudafaa Cad 16/6 
Kizilay 

Ankara 

Tel: 25 03 09 - 17 80 26 
Telex: 42576 OZEK TR 


UNITED ARAB 
EMIRATES 

Emitac Ltd. (Head Office) 
P.O. Box 1641 
Sharjah 

Tel: 35412 1/3 

Telex: 8136 


Emitac Lid. (Branch Office) 
P.O. Box 2711 

Abu Dhabi 

Tel: 331370/1 


UNITED KINGDOM 
Hewlett-Packard Lid. 
King Street Lane 
Winnersh, Wokingham 
Berkshire RG11 5AR 
GB-England 

Tel: (0734) 784774 
Telex: 84 71 78/9 


Hewlett-Packard Lid. 
Fourier House, 
257-263 High Street 
London Colney 

St. Albans, Herts 
GB-England 

Tel: (0727) 24400 
Telex: 1-89527 16 


Hewlett-Packard Ltd. 
Trafalgar House 
Navigation Road 
Altrincham 
Cheshire WA14 1NU 
GB-England 

Tel: (061) 928 6422 
Telex: 668068 
Hewlett-Packard Ltd. 
Lygon Court 
Hereward Rise 
Dudley Road 
Halesowen, 

West Midlands, B62 8SD 
GB-England 

Tel: (021) 501 1221 
Telex: 339105 


Hewlett-Packard Lid. 
Wedge House 

799, London Road 
Thornton Heath 
Surrey, CR4 6XL 
GB-England 

Tel: (01) 684-0103/8 
Telex: 946825 


Hewlett-Packard Lid. 
14 Wesley St 
Castleford 

Yorks WF10 1AE 
Tel: (0977) 550016 
TWX: 5557335 


Hewlett-Packard Lid 
Tradax House 

St. Mary's Walk 
Maidenhead 
Berkshire, SL6 1ST 
GB-England 
Hewlett-Packard Lid 
Morley Road 
Staplehill 

Bristol, BS16 40T 
GB-England 
Hewlet!-Packard Lid 
South Queensferry 
West Lothian, EH30 9TG 
GB-Scotland 

Tel: (031) 331 1188 
Telex: 72682 
UNITED STATES 


ALABAMA 

700 Century Park South, 
Suite 128 

Birmingham 35226 

Tel: (205) 822-6802 


P.O. Box 4207 
8290 Whitesburg Dr 
Huntsville 35802 
Tel: (205) 881-4591 
ARIZONA 

2336 E. Magnolia St 
Phoenix 85034 
Tel: (602) 273-8000 
2424 East Aragon Rd 
Tucson 85706 

Tel: (602) 273-8000 


“ARKANSAS 
Medical Service Only 
P.O. Box 5646 
Brady Station 

Little Rock 72215 
Tel: (501) 376-1844 


CALIFORNIA 
1579 W. Shaw Ave. 
Fresno 93771 

Tel: (209) 224-0582 


1430 East Orangethorpe Ave 
Fullerton 92631 

Tel: (714) 870-1000 

5400 Wes! Rosecrans Blvd 
P.O. Box 92105 

World Way Postal Center 
Los Angeles 90009 

Tel: (213) 970-7500 

TWX: 910-325-6608 


3939 Lankershim Boulevard 
North Hollywood 91604 
Tel: (213) 877-1282 

TWX: 910-499-2671 

3200 Hillview Av 

Palo Alto, CA 94304 

Tel: (408) 988-7000 


646 W. North Market Bivd 
Sacramento 95834 
Tel: (916) 929-7222 
9606 Aero Drive 

P.O. Box 23333 

San Diego 92123 

Tel: (7 14) 279-3200 


363 Brookhollow Dr 
Santa Ana, CA 92705 
Tel: (714) 641-0977 


3003 Scott Boulevard 
Santa Clara 95050 
Tel: (408) 988-7000 
TWX: 910-338-0518 


454 Carlton Court 

So. San Francisco 94080 
Tel: (415) 877-0772 
“Tarzana 

Tel: (213) 705-3344 


COLORADO 

5600 DTC Parkway 
Englewood 80110 
Tel: (303) 771-3455 


CONNECTICUT 

47 Barnes Industrial Road 
Barnes Park South 
Wallingford 06492 

Tel: (203) 265-7801 


FLORIDA 

P.O. Box 24210 

2727 N.W. 62nd Street 
Ft. Lauderdale 33309 
Tel: (305) 973-2600 
4080 Woodcock Drive #132 
Brownett Building 
Jacksonville 32207 
Tel: (904) 398-0663 

P.O. Box 13910 

6177 Lake Ellenor Dr 
Orlando 32809 

Tel: (305) 859-2900 


P.0. Box 12826 

Suite 5, Bldg. 1 

Office Park North 
Pensacola 32575 
Tel: (904) 476-8422 
110 South Hoover Bivd 
Suite 120 

Tampa 33609 

Tel: (813) 872-0900 


GEORGIA 

P.O. Box 105005 

450 Interstate North Parkway 
Atlanta 30348 

Tel: (404) 955-1500 
TWX: 810-766-4890 
Medical Service Only 
“Augusta 30903 

Tel: (404) 736-0592 

P.O. Box 2103 

1172 N. Davis Drive 
Warner Robins 31098 
Tel: (912) 922-0449 


HAWAII 

2875 So. King Street 
Honolulu 96826 
Tel: (808) 955-4455 


ILLINOIS 

211 Prospect Rd 
Bloomington 61701 
Tel: (309) 663-0383 
5201 Tollview Dr 
Rolling Meadows 
60008 

Tel (312) 255-9800 
TWX: 910-687-2260 


INDIANA 

7301 North Shadeland Ave 
Indianapolis 46250 

Tel: (317) 842-1000 

TWX: 810-260-1797 


1OWA 

2415 Heinz Road 
lowa City 52240 
Tel: (319) 351-1020 


KENTUCKY 

10170 Linn Station Road 
Suite 525 

Louisville 40223 

Tel: (502) 426-0100 


LOUISIANA 

P.O. Box 1449 

3229-39 Williams Boulevard 
Kenner 70062 

Tel (504) 443-6201 


MARYLAND 

7121 Standard Drive 
Parkway Industrial Center 
Hanover 21076 

Tel: (301) 796-7700 
TWX: 710-862-1943 

2 Choke Cherry Road 
Rockville 20850 

Tel: (301) 948-6370 
TWX: 710-828-9684 


MASSACHUSETTS 
32 Hartwell Ave. 
Lexington 02173 
Tel: (617) 861-8960 
TWX: 710-326-6904 


MICHIGAN 

23855 Research Drive 
Farmington Hills 48024 
Tel: (313) 476-6400 


724 West Centre Ave 
Kalamazoo 49002 
Tel: (616) 323-8362 


MINNESOTA 


2400 N. Prior Ave. 
St. Paul 55113 
Tel: (612) 636-0700 


MISSISSIPPI 

322 N. Mart Plaza 
Jackson 39206 
Tel: (601) 982-9363 


MISSOURI 

11131 Colorado Ave. 
Kansas City 64137 
Tel: (816) 763-8000 
TWX: 910-771-2087 


1024 Executive Parkway 
St. Louis 63141 
Tel: (314) 878-0200 


NEBRASKA 
Medical Only 

7101 Mercy Road 
Suite 101 

Omaha 68106 

Tel: (402) 392-0948 


NEVADA 
“Las Vegas 
Tel: (702) 736-6610 


NEW JERSEY 

Crystal Brook Professional 
Building 

Route 35 

Eatontown 07724 

Tel: (201) 542-1384 


W. 120 Century Rd 
Paramus 07652 
Tel: (201) 265-5000 
TWX: 710-990-4951 


NEW MEXICO 

P.O. Box 11634 

Station E 

11300 Lomas Bivd., N.E 
Albuquerque 87123 
Tel: (505) 292-1330 
TWX: 910-989-1185 


156 Wyatt Drive 

Las Cruces 88001 
Tel: (505) 526-2484 
TWX: 910-9983-0550 


NEW YORK 

6 Automation Lane 
Computer Park 
Albany 12205 

Tel: (518) 458-1550 
TWX: 710-444-4961 


650 Perinton Hill Office Park 
Fairport 14450 

Tel: (716) 223-9950 

TWX: 510-253-0092 


No. 1 Pennsylvania Plaza 
55th Floor 

34th Street & 8th Avenue 
New York 10001 

Tel: (212) 971-0800 
5858 East Molloy Road 
Syracuse 13211 

Tel: (315) 455-2486 


1 Crossways Park West 
Woodbury 11797 
Tel: (516) 921-0300 
TWX: 510-221-2183 
Tel: (513) 671-7400 


NORTH CAROLINA 
5605 Roanne Way 
Greensboro 27409 
Tel: (919) 852-1800 


OHIO 
Medical/Computer Only 
9920 Carver Road 
Cincinnati 45242 
Tel: (513) 891-9870 
16500 Sprague Road 
Cleveland 44130 
Tel: (216) 243-7300 
TWX: 810-423-9430 


962 Crupper Ave. 
Columbus 43229 
Tel: (614) 436-1041 


330 Progress Rd. 
Dayton 45449 
Tel: (513) 859-8202 


OKLAHOMA 

P.O. Box 32008 

6301 N. Meridan Avenue 
Oklahoma City 73112 
Tel: (405) 721-0200 
9920 E. 42nd Street 
Suite 121 

Tulsa 74145 

Tel: (918) 665-3300 


OREGON 

17890 S.W. Lower Boones 
Ferry Road 

Tualatin 97062 

Tel: (503) 620-3350 


PENNSYLVANIA 

1021 8th Avenue 

King of Prussia Industrial Park 
King of Prussia 19406 
Tel: (215) 265-7000 

TWX: 510-660-2670 


111 Zeta Drive 
Pittsburgh 15238 

Tel: (412) 782-0400 
SOUTH CAROLINA 
P.O. Box 6442 

6941-0 N. Trenholm Road 
Columbia 29206 

Tel: (803) 782-6493 


TENNESSEE 
8906 Kingston Pike 
Knoxville 37919 
Tel: (615) 691-2371 
3070 Directors Row 
Directors Square 
Memphis 38131 
Tel: (901) 346-8370 
“Nashville 

Medical Service Only 
Tel: (615) 244-5448 


TEXAS 

4171 North Mesa 
Suite C110 

El Paso 79902 

Tel: (915) 533-3555 
P.O. Box 42816 
10535 Harwin St 
Houston 77036 

Tel: (713) 776-6400 
“Lubbock 

Medical Service Only 
Tel: (806) 799-4472 
P.O. Box 1270 

201 E. Arapaho Rd 
Richardson 75081 
Tel: (214) 231-6101 
205 Billy Mitchell Road 
San Antonio 78226 
Tel: (512) 434-8241 


UTAH 

2160 South 3270 West Street 

Salt Lake City 84119 

Tel: (801) 972-4711 

VIRGINIA 

P.O. Box 9669 

2914 Hungary Spring Road 

Richmond 23228 

Tel: (804) 285-3431 

Computer Systems/Medica! 
Only 

Airport Executive Center 

Suite 302 

5700 Thurston Avenue 

Virginia Beach 23455 

Tel: (804) 460-2471 


WASHINGTON 
Bellefield Office Pk 
1203 - 114th Ave. S.E 
Bellevue 98004 

Tel: (206) 454-3971 
TWX: 910-443-2446 
P.O. Box 4010 
Spokane 99202 

Tel: (509) 535-0864 


“WEST VIRGINIA 
Medical/Analytical Only 
4604 Mac Corkle Ave, SE 
Charleston 25304 

Tel: (304) 925-0492 


WISCONSIN 

150 South Sunny Slope Road 
Brookfield 53005 

Tel: (414) 784-8800 


FOR U.S. AREAS 

NOT LISTED: 

Contact the regional office 
nearest you: 

Atlanta, Georgia. North 
Holly-wood, California . 
Rockville, Maryland. . 


Rolling Meadows, llinois. 


Their complete addresses 

are listed above. 

USSR 

Hewlett-Packard 
Representative Office 

USSR 

Pokrovsky Boulevard 
4/17-kw 12 

Moscow 101000 

Tel: 294.20.24 

Telex: 7825 hewpak su 


YUGOSLAVIA 

Iskra Commerce, n.sol.o. 
Zastopstvo Hewlett-Packard 
Obilicev Venac 26 

YU 11000 Beograd 

Tel: 636-955 

Telex: 11530 


Iskra Commerce, n.sol.o. 
Zastopstvo Hewlett-Packard 
Miklosiceva 38/Vil 
YU-61000 Ljubljana 

Tel: 321-674, 315-879 
Telex: 31583 


URUGUAY 

Pablo Ferrando S.A.C.el. 
Avenida Italia 2877 
Casilla de Correo 370 
Montevideo 

Tel: 40-3102 

Telex: 702 Public Booth 
Para Pablo Ferrando 


VENEZUELA 

Hewlett-Packard de Venezuela 
CA 

P.O. Box 50933 

Caracas 105 

Los Ruices Norte 

3a Transversal 

Edificio Segre 

Caracas 107 

Tel: 239-4 133 (20 lines) 

Telex: 25146 HEWPACK 


ZAMBIA 

R.J. Tilbury (Zambia) Ltd 
P.O. Box 2792 
Lusaka 

Tel: 73793 


MEDITERRANEAN AND 

MIDDLE EAST 

COUNTRIES NOT 

SHOWN, PLEASE 

CONTACT: 

Hewlett-Packard S.A. 

Mediterranean and Middle East 
Operations 

35, Kolokotroni Street 

Platia Kefallariou 

GR-Kifissia-Athens, Greece 

Tel: 8080359/429 

Telex: 21-6588 

Cable: HEWPACKSA Athens 


SOCIALIST 
COUNTRIES NOT 
SHOWN, PLEASE 
CONTACT: 
Hewlett-Packard Ges.m.b.H. 
Handelskai 52 

P.O. Box 7 

A-1205 Vienna, Austria 
Tel: (0222) 35 16 21 to 27 
Cable: HEWPAK Vienna 
Telex: 75923 hewpak a 


OTHER AREAS NOT 

LISTED, CONTACT: 

Hewlett-Packard 
Intercontinental 

3495 Deer Creek Road 

Palo Alto, California 94304 

Tel: (415) 856-1501 

TWX. 910-373-1267 

Cable: HEWPACK Palo Alto 

Telex: 034-8300, 034-8493 

Hewlett-Packard S.A 

7, rue du Bois-du-Lan 

PO Box 

CH-1217 Meyrin 2 - Geneva 

Switzerland 

Tel: (022) 82 70 00 

Cable: HEWPACKSA Geneva 

Telex: 2 24 86 


“Service Only 
2-15-80 


